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Throuuhout the years since primitive 
man first raised his eyes to the heavens 
and saw tlie evening star the planets, 
called by the Greeks the wandering 
stars, have held remarkable interest for 
the human mind. 

Apart from their beauty, the mystery 
of their motions and of their changing 
brightness lias made a constant appeal 
through the centuries to man’s curiosity 
and love of discovery. After Copernicus 
and Galileo the knowledge of the rela¬ 
tionship of the planets to our earth as 
common children of the sun, with a simi¬ 
lar history, and the prospect of a similar 
fate, has continued to stir the imagina¬ 
tion. 

So it is by no means strange that the 
planets have figured so greatly in poetry 
and literature, nor even that among the 
absurdities of astrology we find crude 
expression of the permanent interest at¬ 
taching to the members of our solar 
family. 

In recent years with the growth in our 
knowledge of the universes of stars it is 
with something of the feeling of a trav¬ 
eler returning to his home after a long 
journey that we turn back from the ap¬ 
palling distances and loneliness of space 
to the narrow limits governed by our 
sun. In much the same way we can pic¬ 
ture Columbus counting the ships in the 
harbor of Lisbon after his lonely months 
upon the Atlantic. 


Shift of Interest 

With the progress of human thought 
and discovery our interest in the planets 
lias naturally turned more and more to¬ 
ward their physical characteristics and 
constitution. The earliest great problem 
was that of their motions and with its 
solution man gained an answer to many 
of the questions which had so long 
baffled him, the mystery of Venus as a 
morning and an evening star, the elusive 
glimpses of Mercury, now on one side 
of the sun and now on the other, 
and the strange motions of the outer 
planets which appear to move among 
the stars, then stop and retrace their 
steps. 

When the telescope and accurate meth¬ 
ods of measurement were developed we 
rapidly gained a knowledge of their dis¬ 
tances, their sizes, masses and forms. So 
our knowledge of the individual planets 
considered as astronomical bodies is very 
complete. Naturally the degree of ac¬ 
curacy varies with different planets. 
The mass of Mercury is uncertain within 
a considerable range, and in the case of 
Pluto wc can do little more than form 
probable limits for its size and mass 
based upon considerations of brightness 
and the disturbances it produces in the 
motions of other planets. But in general 
our facts regarding the planets as a 
whole are very reliable. 
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Difficulties Affecting Study 

It is quite^different when we begin to 
consider the constitution of the planets, 
their atmospheres and the conditions 
prevailing on their surfaces. In the first 
place planets shine by reflected light and 
are not self-luminous. Hence the light 
we receive from a planet is simply sun¬ 
light modified to some degree by trans¬ 
mission through the planet’s atmosphere 
in case such an atmosphere exists. Diffi¬ 
cult as it is to realize, it is a much more 
serious problem to learn the composition 
of the surface of our satellite, the moon, 
the nearest object in the sky, than of a 
star the light of which may be thousands 
of years in reaching us. 

The gases of the elements composing 
the atmosphere of the sun or a star radi¬ 
ate or absorb their own characteristic 
light and give immediate evidence of 
their presence when the light is analyzed 
with a spectroscope, while the moon acts 


as a mirror and simply reflects the light 
it receives from the sun. In fact, almost 
all our knowledge of the nature of the 
material composing the surface of the 
moon is obtained through a study of the 
influence of reflection by different kinds 
of materials upon the plane of vibration 
of light waves, a phenomenon skilfully 
utilized by Dr. Wright, of the Carnegie 
Institution, to prove that the moon’s sur¬ 
face can not consist of exposed rock, but 
must be covered by a layer of very fine 
sand or, more probably, volcanic or me¬ 
teoric dust. 

Much of our information regarding 
the planets must depend upon direct 
visual and photographic observations. 
Surface markings, the periods of rota¬ 
tion, clouds and varying features on the 
apparent surface, and to some extent the 
presence or absence of an atmosphere 
itself must all be studied with the tele¬ 
scope, and here we encounter the serious 
difficulty of atmospheric disturbances. 



THE SOUTHERN PORTION OF THE MOON 

TWENTY-SIX DAYS AFTER THE i ‘ NEW MOON 99 APPEARS; TAKEN WITH THE 100-INCH TELESCOPE AT 

the Carnegie Institution's Mount Wilson Observatory, On the Moon there is no water 

VAPOR NOR ANY OTHER GAS TO EQUALIZE THE SUN 'S RADIATION ; CONSEQUENTLY ITS TEMPERATURE 
UNDERGOES ENORMOUS VARIATIONS, TROM THAT OP BOILING WATER ON THE SIDE TOWARDS THE &UN 
TO 250° BELOW ZERO, FAHRENHEIT, ON THE DARK SIDE. 
















THE PLANETS ANT) THEIR ATMOSPHERES 



SHOWING THE RELATIVE SIZE OF THE SUN AND PLANETS 
From a photograph op the models prepared by the Mount Wilson Observatory for the 
ANNUAL EXHIBITION OF OaRNEOIE INSTITUTION, HELD IN DECEMBER, 1933. Upper —A SEGMENT 
OF THE Sun IN SCALE WITH THE PLANETS. Lower (FROM LEFT TO RIGHT)—MERCURY, VENUS, 

Earth and the Moon, Mars, Jupiter, Saturn, Uranus, Neptune, Pluto. 


Atmospheric Disturbances 

When a telescope is pointed to the sky 
it is looking out through the entire depth 
of the earth’s atmosphere. Each irregu¬ 
larity in the temperature and density of 
the air through which the light passes 
bends and twists the beam of light, and 
as such irregularities change very rap¬ 
idly there is a continual blurring and 
quivering of the image. This is the fa¬ 
miliar twinkling of the stars so often 
seen on a windy winter night, and in 
a telescope the effect is increased in pro¬ 
portion to its magnifying power. Such 
a blurring effect goes far toward oblit¬ 
erating the surface details and finer 
markings on the planets or the sun and 
moon, and explains why astronomers 
seek to locate their observatories where 
the air is most steady and free from dis¬ 
turbance, and why Percival Lowell es¬ 
tablished his observatory, primarily for 
the study of Mars, on an isolated plateau 
in central Arizona. 

It also answers the question most fre¬ 
quently asked of astronomers whether a 
telescope can not be built sufficiently 
large to bring the moon within a few 
miles and Mars within a few hundreds 
of miles and so make even the smallest 
details visible. There is ample light for 
such observations with existing tele¬ 


scopes, and the magnifying power may 
be made as high as may be desired, but 
unfortunately the disturbances due to 
the earth’s atmosphere are magnified 
along with the planet’s disk and nothing 
is gained. 

If the earth’s atmosphere could be re¬ 
moved the astronomer could use a com¬ 
pound microscope attached to his tele¬ 
scope to view the moon, and the limit of 
magnification in the case of the planets 
would he set only by the resolving power 
of his telescope and the disturbances in 
the atmospheres of the planets them¬ 
selves. 

These difficulties affecting observa¬ 
tions of the planets explain in part why 
our knowledge of their physical state is 
less complete than our knowledge of 
them as astronomical bodies. Much has 
been learned, however, and much more 
may be expected with the development 
of new and more sensitive instruments 
for measuring radiation and for study¬ 
ing the influence of the atmospheres and 
the surface materials of the planets 
upon the quality of the reflected light. 

Factors Governing Conditions 
There are three important factors 
which govern to a large extent physical 
conditions updn a planet and what we 
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may call its climate. The first is, of 
course, its distance from the sun. This 
determines the amount of heat and light 
which it receives, a quantity which varies 
for each unit of area as the square of 
the distance. Thus Neptune, which is 
thirty times as far away from the sun as 
the earth, receives only one nine-hun¬ 
dredth as much light and heat on equal 
areas of its surface. 

The second factor is the length of the 
planet’s day, its period of rotation on its 
axis. This regulates the amount of time 
during which the sun’s heat falls on dif¬ 
ferent portions of the surface. The more 


t 


* 


SHOWING THE PLANETARY ORBITS 
FOR 1933, IN SCALE 

In this representation the orbits of the 

INNER PLANETS, MERCURY, VENUS, EARTH AND 

Mars, are too small to be readily distin¬ 
guished without a handglass. The length 
of the arrow on the orbits of the outer 
planets, Jupiter, Saturn, Uranus, Neptune 
and Pluto, represents the distance travexed 

BY THE PLANET IN ONE YEAR, 

rapidly a planet rotates the more nearly 
uniform will be the amount of heat re¬ 
ceived by all its parts. 

An extreme case is that of Mercury, 
which is generally believed to rotate in 
the same period of 88 days in which it 
revolves about the sun. Hence the 
planet always turns the same face to the 


sun, as does the moon to the earth, and 
one side is intensely heated by the pow¬ 
erful solar radiation, while the other 
side never receives any sunlight and 
must be extremely cold. 

The third consideration which bears 
especially upon the question of plane¬ 
tary atmospheres is that of the masses 
of the planets. We do not know 7 defi¬ 
nitely that all the planets originally had 
atmospheres, although this seems prob¬ 
able, but if they did several of the plan¬ 
ets would have lost them either com¬ 
pletely or in part because they w r ere not 
massive enough to retain them. 

The molecules composing the gases of 
an atmosphere are constantly flying 
about with high velocities, colliding 
with one another and rebounding in all 
directions. These velocities are highest 
for the lightest gases like hydrogen and 
helium and lower for the heavier gases 
like oxygen and nitrogen. Further¬ 
more, the velocities are increased by in¬ 
crease of temperature. As a result, if a 
rapidly moving molecule in the upper 
part of a planet’s atmosphere where col¬ 
lisions are infrequent is not attracted by 
the planet with a force sufficient to coun¬ 
teract its velocity of escape, it will fly 
off into space and be lost. 

So a planet lias to have a considerable 
mass in order to retain its atmosphere 
and especially to hold the lighter gases 
like hydrogen and helium which would 
be the first to escape. In the earlier 
stages of their history when the planets 
were probably much hotter the rate of 
escape for all gases must have been much 
more rapid. 

Masses Compared 

If we compare the results of observa¬ 
tion with what might be expected from 
theory, we find remarkably good agree¬ 
ment. Mercury with a mass about one 
twentieth that of the earth has no at¬ 
mosphere, while Venus with nearly, the 
mass of the earth has an extensive at¬ 
mosphere. 
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The earth has probably lost some of 
its free hydrogen but shows a small 
amount of helium and abundance of the 
heavier gases like nitrogen and oxygen. 
Our satellite, the moon, with one eighti¬ 
eth the mass of the earth, has no atmos¬ 
phere, and on Mars, with one tenth the 
earth’s mass, the atmosphere is thin and 
of low densit} r . 

On the other hand, the giant major 
planets with masses ranging from 15 
times the mass of the earth, in the case 
of Uranus, to over 300, in the case of 
Jupiter, have dense and extensive atmos¬ 
pheres. They have doubtless retained 
all their original gases, including hydro¬ 
gen and helium, the gravitational attrac¬ 
tion of their great masses binding the 
molecules of the gases firmly to the 
planets. 

Evidence of Atmosphere 

The presence of an atmosphere around 
a planet is usually detected from obser¬ 
vations of clouds and variable markings, 
or, as in the case of Venus, from the ex¬ 
tension of the horns of the crescent be¬ 
yond the diameter of the planet, owing 
to the diffuse reflection of light in the 
planet’s atmosphere—an effect similar 
to our twilight. 

For our knowledge of its composition 
we must then depend upon the spectro¬ 
scope, which analyzes the light and 
shows what modifications the sunlight 
has undergone in passing through the 
atmosphere. These usually occur in the 
form of bands and lines which are due 
to the absorption of the cold molecules 
of gas and appear for the most part in 
the red and infra-red portions of the 
spectrum. 

The most prominent in the earth’s at¬ 
mosphere are those due to oxygen, water 
vapor and carbon dioxide. Ozone pro¬ 
duces a few faint lines in the yellow por¬ 
tion of the spectrum, but its principal 
bands lie in the ultra-violet and are so 
strong that they set a definite limit to 
the extent of the spectra of the sun and 


stars. Astrophysieally this is most un¬ 
fortunate, but, as Dr. Abbot and others 
have emphasized, life could hardly exist 
upon the earth if exposed directly to this 
highly penetrating radiation from the 
sun. 

Since the surfaces of planets must be 
observed not only through their own at¬ 
mospheres but through that of the earth 
as well, the bands and lines due to our 
atmosphere are always present in the 
spectra of the planets. There are two 
ways in which the effect due to the earth 
may be separated from that due to the 
planet, and the relative abundance of 
the gases in the two atmospheres may be 
determined. 

The first is by comparing the intensi¬ 
ties of the bands in the spectrum of the 
planet with those obtained from light 
transmitted through the earth’s atmos¬ 
phere alone. For example, the spectrum 
of Mars, in which the light from tin sun 
has passed first through the planet’s at¬ 
mosphere to the surface, then outward 
from the surface toward the earth, and 
finally through the earth's atmosphere, 
is compared with the spectrum of the 
moon, which has no atmosphere. 

If the altitude of the moon in the sky 
is the same as that of Mars the length of 
path through the earth’s atmosphere is 
the same in both cases, and any excess 
of intensity in the lines of the spectrum 
of Mars must be ascribed to the gas in 
the planet's atmosphere. Allowance 
must, of course, be made for the double 
path of sunlight through the atmosphere 
of the planet which should increase the 
intensity of the planetary lines. 

A second method of separating plane¬ 
tary lines from those of terrestrial origin 
depends upon the fact that the motion 
of a planet toward or away from the 
earth produces a displacement 6f the 
spectral lines. Accordingly if a time is 
selected when a planet is approaching or 
receding rapidly from the earth and the 
spectrum can be photographed on a suffi¬ 
cient scale the planetary lines will ap- 
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pear completely separated from those 
due to the earth’s atmosphere. This 
method has marked advantages over that 
in which measurements are made upon 
the intensities of the superposed lines, 
but both methods have been used in the 
study of planetary spectra, (‘specially 
those of Venus and Mars. 

M EASTJRTNO Tk M I 'EH A TURKS 

The second important means for in¬ 
vestigating physical conditions on the 
planers is through direct measurements 
of temperature. Such methods have de¬ 
veloped out of the remarkable improve¬ 
ments in the construction of sensitive 
heat-recording electrical instruments. 
Dr. Pfund and Dr. Coblentz were among 
the pioneers in this field, and Coblentz 
and Larnpland, of the Lovell Observa¬ 
tory, made some of the first and most ac¬ 
curate observations of planetary tem¬ 
peratures. 

Several different types of instruments 
are available, but that which has been 
used most extensively contains a ther¬ 
mocouple as the heat-sensitive element. 
It depends upon the fact that when 
the junction between certain metals is 
warmed an electric current is set up 
which may be measured with a sensitive 
galvanometer. For most astronomical 
purposes bismuth and an alloy of bis¬ 
muth with a small amount of tin have 
been used, and the dimensions of the 
thermocouple as well as of the receivers, 
the thin strips of metal upon which the 
image of the planet or the star falls, are 
made almost incredibly small. The en¬ 
tire weight of some of the compensated 
thermocouples used by Pettit and Nichol¬ 
son at Mount Wilson, including the re¬ 
ceivers and their connections, is about 
one thousandth part of that of a drop 
of water. 

The thermocouple is placed in a high 
vacuum which increases its sensitiveness 
greatly, and during the observations the 
image of the star or planet is thrown al¬ 
ternately upon one receiver and then 


upon the other so that the effect of the 
measured heat is doubled. The receiv¬ 
ers, which are about one fiftieth of an 
inch in diameter, are so small that de¬ 
tails of planetary surfaces, such as the 
polar caps and the dark and bright 
markings on the surface of Mars, can be 
studied individually. 

With such an instrument, a rise in 
temperature of the receiver of three 
hundred-thousandths of a degree is 
measured without difficulty, and the 
heat of stars invisible to the naked eye 
has been determined with the aid of the 
100-inch telescope. 

When a planet receives radiation from 
the sun a part is reflected directly away 
in the form of reflected sunlight and a 
part is absorbed and warms the planet 
and is re-radiated in the form of long 
heat waves. This radiation is that which 
determines the temperature of the 
planet. Accordingly, two sets of meas¬ 
ures are made, one through a thin plate 
of glass which absorbs most of the plane¬ 
tary radiation and the other with the 
glass plate removed. In this way the 
amount of heat emitted by the planet 
itself is determined, and through appli¬ 
cation of the law connecting temperature 
with radiation, with due allowance for 
the absorption by the earth’s atmos¬ 
phere, the temperature of the planet is 
calculated. 

We may now pass to a consideration 
of the results found for the individual 
planets. Beginning with Mercury, which 
has a mean distance from the sun only 
about one third that of the earth, we 
find a planet of small mass exposed to 
intense heat from the sun, and, as we 
have already seen, always turning the 
same face toward it. Both visual and 
spectroscopic observations agree in show¬ 
ing that it can have no appreciable at¬ 
mosphere, a conclusion which is con¬ 
firmed by its appearance when observed 
crossing the disk of the sun as a small 
black spot during one of its transits. 

The temperature on the surface 
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FROM UIjTR A-VIOLET PHOTOGRAPHS OF VENUS 
Taken at the Carnegie Institution’s Mount Wilson Observatory. Upper series—Taken 
in Junk. Lower series—Taken in July. Venus bears close comparison with the 
Earth in many respects, having nearly the same size and density and about nine 

TENTHS THE SURFACE GRAVITY. Tt HAS AN EXTENSIVE ATMOSPHERE, LESS DENSE THAN THAT OF 
THE EARTH, AND A PERMANENT LAYER OF CLOUDS WHICH PREVENTS ITS SURFACE CONDI¬ 
TIONS FROM BEING KNOWN. CARBON DIOXIDE OAH IN LARGE QUANTITIES IS PRESENT IN ITS UPPER 
ATMOSPHERE, BUT OXYGEN AND WATER VAPOR APPEAR TO BE ABSENT FROM THE REGION ABOVE THE 
CLOUD LEVEL FROM WHICH THE LIGHT IS REFLECTED. 


turned toward the sun is extremely high, 
about 600° Fahrenheit or higher than 
the melting point of lead. On the side 
turned away from the sun the tempera¬ 
ture has not been measured but must be 
very low. The planet lias certain dark 
permanent markings, and its surface is 
probably as rough as that of our moon. 
Our conception of the surface of Mer¬ 
cury must be that of a desert-like area, 
intensely hot on the illuminated side and 
extremely cold on the dark side, with no 
possibility of change in its features ex¬ 
cept through the slow processes of dis¬ 
integration due to temperature. 

Venus Has an Atmosphere 
When we pass to Venus, the Hesperus 
of the Greeks, and the brightest of ail 
the planets in the sky, we find quite dif¬ 
ferent physical conditions. Its average 
distance from the sun is nearly three 
fourths that of the earth and its mass 
about four fifths as great. In many re¬ 
spects it is almost a twin to the earth, 
having nearly the same size and density 
and about nine tenths the surface grav¬ 


ity. An object weighing 100 pounds on 
the earth would weigh 85 pounds on 
Venus. 

It has an extensive atmosphere, prob¬ 
ably considerably less dense than that of 
the earth and is surrounded by what ap¬ 
pears to be a perpetual layer of clouds, 
it is doubtful if we ever see the actual 
surface of Venus, the few vague mark¬ 
ings which have been observed being 
quite possibly areas where the clouds 
have temporarily dissolved into a thick 
haze, much as fog dissolves over the 
earth. This cloud layer unfortunately 
prevents us from carrying our observa¬ 
tions of temperature and atmospheric 
composition to the surface of the planet, 
and even the rotation period of the 
planet is very uncertain. 

In the absence of permanent surface 
markings the only method of deriving 
the length of the day on Venus is from 
observations with the spectroscope. The 
rotation of the planet would cause one 
edge of the disk at the equator to ap¬ 
proach us and the other to recede from 
us and thus should produce an inclina- 
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tion of the spectral lines. Several ob¬ 
servers have made careful measures of 
the spectrum of Venus but have been 
unable to detect any appreciable inclina¬ 
tion. This would indicate that the rota¬ 
tion period of Venus must be long, at 
least several days, although probably not 
so long as its period of revolution about 
the sun. 

Quantities of Carbon Dioxide 

Two interesting results have been 
found from spectroscopic studies of the 
light reflected from Venus. The first 
is the absence of any appreciable 
amount of oxygen arid probably of 
water vapor above the cloud level from 
which the light is reflected; and the sec¬ 
ond is the presence of carbon dioxide 
gas in large quantities in this region of 
the atmosphere. 

The intensity of the carbon dioxide 
bands is such as to correspond to a 
length of path of the order of half a mile 
through this gas at atmospheric pres¬ 
sure. It is, of course, quite possible that 
considerable amounts of oxygen and 
water vapor exist in the atmosphere of 
Venus below the cloud level which forms 
the limit of penetration of the spectro¬ 
scope, although in the ease of oxygen, 
at least, we should expect some spectro¬ 
scopic evidence if conditions were at all 
analogous to those above high clouds in 
the atmosphere of the earth. 

As all know, plant life consumes car¬ 
bon dioxide and gives out free oxygen, 
and the suggestion has repeatedly been 
made that the free oxygen in the earth’s 
atmosphere is wholly of vegetable origin. 
If, as Russell suggests, any original free 
oxygen in the atmosphere of Venus was 
exhausted in the oxidation of the rocks 
of the surface and plant life did not de¬ 
velop, we should find here an expla¬ 
nation of the existing spectroscopic 
evidence. Since we are ignorant of con¬ 
ditions below the cloud layer on Venus, 
such a hypothesis is necessarily specula¬ 
tive. 


Nearly all astronomers agree, however, 
that on general considerations Venus 
should be better fitted than any other 
planet for the existence of such life as 
is known upon the earth. 

Temperature of Venus 

Measurements of the temperature of 
Venus, like the spectroscopic observa¬ 
tions, are limited to the level in the at¬ 
mosphere above the cloud layer and can 
not give us information regarding tem¬ 
peratures on the surface of the planet. 
There seems to be some evidence that in 
the atmosphere of Venus, as in that of 
the earth, an isothermal layer or strato¬ 
sphere exists where the temperature is 
not far from uniform throughout a con¬ 
siderable depth. 

This temperature in the case of Venus 
is about 25° below zero Fahrenheit, 40° 
warmer than that for the earth. The 
fact that temperatures of the same order 
are found for the illuminated and the 
dark sides of Venus is an argument 
against a very long period of rotation, 
at least one approaching the 225-day 
period of revolution about the sun. The 
temperature at the surface of Venus is 
doubtless much higher than that of the 
upper levels of its atmosphere and prob¬ 
ably is also higher than that of the sur¬ 
face of the earth. 

Conditions on the Moon 

The next planet in order of distance 
from the sun is the earth with its at¬ 
tendant satellite, the moon. The tem¬ 
perature of the moon with no atmos¬ 
phere to blanket and equalize the sun’s 
radiation and with its long period of ro¬ 
tation is subject to enormous variations. 
The surface exposed directly to the sun’s 
heat reaches a temperature dose to that 
of boiling water, while that of the dark 
side is about 250° below zero Fahren¬ 
heit. The effect of the absence of an 
atmosphere and of the low heat .con¬ 
ductivity of the materials of its surface 
is strikingly shown by temperature 
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measurements at the time of a lunar 
eclipse. 

During the partial phase the tempera¬ 
ture drops very rapidly, then slowly dur¬ 
ing totality, remains nearly stationary 
for a few minutes and then rises ab¬ 
ruptly as the shadow passes away. The 
large differences of temperature between 
day and night so familiar to us on a 
desert on the earth are due mainly to the 
low humidity of the air, since the pres¬ 
ence of water vapor serves to reduce the 
sun’s heat during the day and to lessen 
the radiation from the earth during the 
night. On the moon where there is 
neither water vapor nor any other gas 
we find an extreme case of such condi¬ 
tions, the surface heating and cooling 
with extraordinary rapidity. 

The Earth’s Atmosphere 

It is unnecessary to comment exten¬ 
sively upon the earth or its atmosphere. 
There are, however, one or two facts of 
interest which should be considered in 
relation to the planets in general. 

The mean temperature of the whole 
earth is 57° Fahrenheit and of the trop¬ 
ical zones about 79°. The composition 
of dry air at the surface of the earth is 
about 78 per cent, nitrogen, 21 per cent, 
oxygen and 0.9 per cent, argon, with 
very small quantities of carbon dioxide, 
ammonium, hydrogen, helium and other 
gases. In moist air the amount of water 
vapor may exceed one per cent. As we 
go to higher levels in the atmosphere 
these jiercentages change very rapidly 
and above 50 miles the atmosphere theo¬ 
retically should be composed almost 
wholly of hydrogen. 

It is not known, however, whether 
any such amount of hydrogen actually 
exists nor can its presence be detected 
spectroscopically as in the case of oxy¬ 
gen, water vapor and carbon dioxide. 
The mass of the earth is sufficient to re¬ 
tain a hydrogen atmosphere almost in¬ 
definitely, but the question whether it is 
present or not must await methods of 


study of the upper atmosphere which we 
do not as yet possess. 

The Earth as Seen from Planets 

An interesting question regarding the 
earth is its telescopic appearance as seen 
from other planets. About half of the 
earth’s surface, on the average, is cov¬ 
ered with clouds and these would ap¬ 
pear as conspicuous areas because of 
their high reflecting power. The seas 
and other large bodies of water would 
shine brilliantly when reflecting sun¬ 
light directly to the observer, but would 
be dark when seen at less favorable an¬ 
gles. Snow- and ice-covered areas, vary¬ 
ing with the seasons, would be promi¬ 
nent, and large forested regions, deserts 
and grass land could probably be de¬ 
tected by their differing colors. 

All the surface features, however, 
would have to be viewed through the 
depth of tiie earth’s atmosphere with its 
dust and haze and all the effects of scat¬ 
tering and reflection of light which it 
produces. The result, as Russell states, 
would be that an observer on Venus 
could hardly see objects less than 50 
miles in diameter and would have great 
difficulty in distinguishing permanent 
features because of varying clouds. 

The Canals of Mars 

The planet Mars has attracted more 
popular interest and has probably been 
observed more extensively than all the 
other planets combined. This is not sur¬ 
prising, for, although a small planet 
with one half the diameter and one tenth 
the mass of the earth, it comes nearer to 
the earth than any other large planet 
except Venus. It lias an atmosphere, 
although not a dense one, and unlike 
Venus we can observe its surface directly 
and find there numerous conspicuous 
and in some respects unique markings. 

The period of rotation, the Martian 
day, has been determined with great ac¬ 
curacy and is 24 hours and 37 minutes, 
so nearly like our own that features on 
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TWO VTEW8 OF MARS 

Taken about a month apart at the Carnegie Institution’s Mount Wilson Observatory 

WITH THE fi()-INUIt TELESCOPE. THE DIAMETER OK MARS IS ABOUT ONE HALF THAT OF THE EARTH 
AND ITS MASS ABOUT ONE TENTH. It HAS AN ATMOSPHERE, THOUGH NOT A DENSE ONE. ITS 
GENERAL SURFACE IS REDDISH WITH SHARPLY BOUNDED AREAS OF GRAY OR DULL GREEN. THE 
POLAR CAPS CHANGE CONSPICUOUSLY, BEING LARGEST IN THE MARTIAN WINTER AND SMALLEST IN 
SUMMER. SOME ASTRONOMERS THINK THAT A CERTAIN NETWORK OF FINE MARKINGS ON THE SUR¬ 
FACE OF Mars is of artificial ORIGIN, but this EXPLANATION is not GENERALLY ACCEPTED. 


the surface of the planet are seen in 
closely the same position by an observer 
on successive nights. 

The color of the general surface of 
Mars is reddish, from which comes the 
name the ruddy planet, but nearly one 
half its surface is covered by darker 
areas of a gray or dull green color 
sharply bounded in many cases. At the 
poles of the planet are two brilliant 
white areas, the polar caps, which show 
conspicuous changes with the Martian 
seasons, being largest in winter and 
smallest in summer. The southern polar 
cap has been known to disappear com¬ 
pletely toward the end of the summer 
season, but the northern always remains 
visible, although greatly diminished in 
size. It is difficult to conclude that these 
areas are not actually covered with snow 
or ice, although the rate of melting indi¬ 
cates that the deposit must he relatively 
thin. 

Accompanying the melting of the 
polar caps are certain changes, which 
appear to be well established, in the color 
of the large dark areas toward the equa¬ 


tor of the planet. The general tendency 
is for these areas to become darker and 
more prominent in the spring season for 
eacli hemisphere and to fade and be¬ 
come more yellow in the autumn of the 
year. Lowell and others have ascribed 
these changes to the presence of vegeta¬ 
tion. 

Associated with this effect is the vexed 
question of the canals on Mars, observed 
by Lowell as fine narrow straight mark¬ 
ings making a network covering much of 
both the dark and the reddish areas of 
the planet. That fine details are present 
on the surface of Mars which could form 
a basis for Lowell’s observations is be¬ 
yond question, but the existence of 
markings which can hardly be inter¬ 
preted as of other than artificial origin 
is subject to serious doubt in view of the 
results of other experienced observers. 

Proof of Atmosphere 

The presence of an atmosphere 
around Mars has been proved in a vari¬ 
ety of different ways. One of the most 
interesting of these is through such a 
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series of photographs in lj^ht of differ¬ 
ent colors as was first made by Dr. 
Wright of the Lick Observatory. The 
photograph in red light shows a great 
quantity of detail on the surface of the 
planet, while that in violet light shows 
almost none. 

The red light can pierce through the 
haze of the planet’s atmosphere, while 
the violet light has little penetrating 
power. Moreover, the size of the image 
in violet light is greater than that in red 
light, thus indicating that the atmos¬ 
phere stops the violet light above the 
level of the surface and gives the ap¬ 
pearance of a larger disk. Clouds have 
occasionally been observed in the atmos¬ 
phere of Mars but are comparatively 
infrequent. 

Spectroscopic investigations of the at¬ 
mosphere have been made by many ob¬ 
servers, notably at the Lick, Lowell and 
Mount Wilson observatories, mainly 
with a view to determining the amount 
of oxygen and water vapor. 

Dr. Campbell’s observations, made by 
him when at the Lick Observatory, 
proved definitely that the quantity of 
these gases in the atmosphere of Mars 
must be small, and later observations 
have abundantly confirmed his results. 
The most recent investigation under¬ 
taken with the powerful equipment at 
Mount Wilson indicates that the amount 
of free oxygen above a given area of the 
surface of Mars can not exceed one tenth 
of one per cent, of that above an equal 
area of the earth’s surface at Sea level. 

While the presence of water vapor 
seems to be well established by the ex¬ 
istence of the polar caps, the total 
amount of water contained in them need 
not exceed that in a large lake and could 
hardly be detected in the form of water 
vapor distributed throughout the plan¬ 
et’s atmosphere. 

Temperatures on Mars 

Measurements of the temperatures of 
Mars have led to most interesting re¬ 


sults. When Mars is nearest the sun the 
temperature of the surface exposed to 
the strongest solar radiation reaches 
about 60° Fahrenheit. When Mars is 
farthest from the sun this drops to about 
the freezing temperature. The polar 
caps may become extremely cold, more 
than 100° below zero Fahrenheit. 

The important question of the tem¬ 
perature of the dark side of Mars is a 
very difficult one to answer because of 
the very small area which can be ob¬ 
served, even at the most favorable phase. 
The observations indicate that the tem¬ 
perature must be at least 40° below zero 
and perhaps considerably lower. 

If we sum up conditions on Mars we 
find a small planet with little water 
vapor and very little oxygen whose sun¬ 
lit surface in the tropics only at the most 
favorable times reaches temperate condi¬ 
tions and during much of the time is at 
a freezing temperature. Every 24 hours, 
as the planet rotates, the surface reaches 
a temperature of at least 40° below zero. 
It is clear from the observations that the 
atmosphere of Mars is of such low den¬ 
sity that its shielding effect is small, and 
that the surface warms and cools with a 
rapidity far greater than that of any 
desert on the earth and only less than 
that of the moon itself. 

Under such conditions if we can con¬ 
ceive of any vegetation on Mars it would 
seem that it must be of a rudimentary 
type which requires little nourishment 
from the atmosphere and gives out cor¬ 
respondingly little oxygen. The sugges¬ 
tion has been made that the free oxygen 
which may in past ages have formed a 
part of the atmosphere of the planet has 
been exhausted in the oxidation of the 
surface, and the general color of the sur¬ 
face is quite in keeping with this possi¬ 
bility. 

The Asteroids 

As we pass outward in the solar sys¬ 
tem beyond Mars we come to the zone of 
the asteroids, of which some 1,500 are 
known and many thousands doubtless 
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TWO V1KWS OF JUPITER 

Taken at the Carnegie Institution's Mount Wilson Observatory, the one in ultra violet 

LIGHT, THE OTHER IN BLUE-VIOLET LIGHT. ,1IFPITER, ONE OF THE BRIGHTEST OBJECTS IN THE SKY, 
IS THE LARGEST PLANET, HAVING A DIAMETER ELEVEN TIMES THAT OF THE EARTH. THE MOST 
CONSPICUOUS FEATURES ARE THE BELTS WHICH EXHIBIT A GREAT VARIETY OF DETAIL AND COLOR 
AND WHICH OFTEN CHANGE K A.P1DLY IN FORM. IT IS ALMOST CERTAIN THAT THESE ARE CLOUDS, 
PROBABLY NOT OF WATER BUT OF SOME SUBSTANCE THAT VAPORIZES AT A LOWER TEMPERATURE. 

Jupiter has nine satellites. Four of them were discovered by Galileo in 1610 . 


exist. They are small bodies, the largest 
less than 500 miles in diameter, moving 
in independent orbits around the sun 
and far too small to retain an atmos¬ 
phere. Like the moon they must heat 
quickly on the side toward the sun and 
cool quickly as the sun’s heat leaves their 
surface. The force of gravity is so low 
on the smallest of these asteroids that a 
hypothetical man could readily throw a 
stone from the surface into space and 
thus create an independent planet. 

The Major Planets 

With the major planets Jupiter, 
Saturn, Uranus and Neptune we pass to 
an entirely different class of physical 
objects. They have large masses, rotate 
rapidly and are at such great distances 
from the sun that they receive very lit¬ 
tle heat. 

Jupiter and Saturn have extensive 
systems of satellites, miniature solar sys¬ 
tems in themselves. They have dense 
atmospheres of great depth which pre¬ 
vent us from seeing down to the surfaces 
of the planets, if such surfaces exist, and 


all their markings are subject to change, 
although in some cases they persist for 
long periods. Clearly they are atmos¬ 
pheric phenomena and may take place 
on an enormous scale. The great red 
spot on Jupiter, for example, was 
30,000 miles long and 7,000 miles wide 
and lasted for many years, gradually 
becoming rounder and smaller until it 
has now almost disappeared. The white 
spot on Saturn discovered this year at 
the Naval Observatory was also very 
large and changed its form with great 
rapidity. 

A remarkable fact about Jupiter and 
Saturn, and perhaps about Uranus and 
Neptune, as well, is that they do not ro¬ 
tate as solid bodies but more rapidly 
near the equator than in higher lati¬ 
tudes. The belted appearance of the 
planets, so striking in the case of Jupiter 
and Saturn, is probably associated with 
the character of their rotation. 

Unknown Bands 

The analysis of the light reaching us 
from these planets shows the presence of 


















SHOWING SPECTRA OF THE SUN AND PL.ANETS 

Taken at the Carnegie Institution's Mount Wilson Observatory. A glowing gas or 

VAPOR EMITS WAVES OF RADIATION, EACH HAVING A CHARACTERISTIC LENGTH. WHEN THESE ARE 
SORTED OUT BY THE SPECTROSCOPE AND THE SPECTRUM PHOTOGRAPHED, THE PRINT SHOWS A NUM¬ 
BER OF LINKS ON A CONTRASTING BACKGROUND. THE POSITION OF EACH LINE IN RELATION TO THE 
OTHER LINES IN THE SPECTRUM TELLS WHAT WAVE-LENGTHS PRODUCED IT. TlIE SPECTRA OF ELE¬ 
MENTS DIFFER GREATLY; SOME CONTAIN BUT FEW LINES, OTHERS, THOUSANDS ; BUT FROM WHAT¬ 
EVER SOURCE THE RADIATION IS DERIVED THE SPECTRUM OF A GIVEN ELEMENT IS ALWAYS THE 
same. In THE SPECTROSCOPE, THEREFORE, the astronomer has developed a new tool afford¬ 
ing ALMOST LIMITLESS POSSIBILITIES IN HIS STUDY OF THE NATURE OF THE PHYSICAL UNIVERSE. 
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numerous bands in the red and infra-red 
portions of the spectrum, some of which 
are very prominent, especially in the 
atmospheres of Uranus and Neptune. 

The origin.of most of these bands is 
still Unknown, but recently Wildt and 
Dunham have identified several with 
bands produced by ammonia gas and 
methane. The bands due to ammonia 
are more prominent in the spectrum of 
Jupiter and those of methane in that of 
Saturn. Comparisons with laboratory 
results indicate that the ammonia pres¬ 
ent in the atmosphere of Jupiter is 
equivalent to a layer of gas 30 feet thick 
at atmospheric pressure. A minimum 
temperature of about 180° Fahrenheit 
below zero may be inferred from the 
observations. 

It seems highly probable that the un¬ 
known bands in the spectra of the outer 
planets are also due to gases compounded 
of hydrogen and carbon, since hydrogen 
must be verv^jabyndant in their atmos¬ 
pheres. 

The Kings of Saturn 

No description of the major planets is 
adequate without some reference to that 
unique feature of the solar system, the 
rings of Saturn. Although of extraordi¬ 
nary beauty and great mathematical in¬ 


terest, physically they are of less impor¬ 
tance, since they possess no atmosphere. 

It lias been shown both by measure¬ 
ments of the reflected light and observa¬ 
tions of the motions of different portions 
of the rings that they consist of a swarm 
of little satellites, each of which follows 
its own orbit about the planet. The 
thickness of the ring is extremely small, 
not more than 10 miles at most, and 
when its plane is turned toward the 
earth it is lost to sight for a few days, 
even in the most powerful telescopes. 

Pluto, the Most Distant 

The latest and most distant addition 
to the number of known planets is Pluto. 
Its mean distance from the sun is about 
40 times that of the earth and its mass, 
the determination of which is subject to 
great uncertainty, is about one tenth 
that of the earth. Receiving but very 
little heat from the sun and plunged in 
the cold of space, this unexpected dwarf 
of the solar system is distinctly an ob¬ 
ject for sympathy. 

Unlike the giant planets which are its 
nearest neighbors, Pluto is too small to 
have reserves in its own mass upon which 
to rely, and at has probably lost any at¬ 
mosphere it may once have had, although 
some remnants of nearly inert gas may 



THREE VIEWS OF SATURN 

Taken at the Carnegie Institution's Mount Wilson Observatory with the 60-inch tele¬ 
scope. Saturn is unique in being encircled by three concentric rings which are com¬ 
posed OF A SWARM OF LITTLE SATELLITES, EACH OF WHICH PURSUES ITS OWN INDEPENDENT CIR¬ 
CULAR ORBIT AROUND THE PLANET, WHILE MOVING IN ALMOST EXACTLY THE SAME PLANE. THESE 
RINGS, THE OUTERMOST HAVING A DIAMETER OF 171,000 MILES, ARE EXTREMELY THIN, PROBABLY 
NOT EXCEEDING TEN MILES. BOTH JUPITER AND SATURN HAVE DENSE ATMOSPHERES WHICH HIDE 
THEIR SURFACES, IF SURFACES ACTUALLY EXIST. 
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still cling about it. Seen in the largest 
telescopes as merely a faint star it iR 
probable that we shall never gain any 
considerable knowledge of its physical 
constitution. 

Doubtful if Life Exists 

It is clear from this outline of some of 
the conclusions regarding physical con¬ 
ditions upon the planets that only two 
of them, Venus and Mars, can by any 
stretch of the imagination be regarded 
as possible abodes of life. Of these 
Venus must, so far as we can judge, re¬ 
main largely a subject for speculation. 

We can not see its surface or analyze 
its lower atmosphere, and although the 
absence of oxygen in its upper atmos¬ 
phere and the apparently long period of 
rotation are unfavorable factors, it is 
cpiite impossible to state definitely that 
life may not have developed upon its 
surface. 


With Mars the case against the ex¬ 
istence of life appears much stronger. 
The surface of the planet can be studied 
directly and the atmosphere examined 
throughout its entire depth. It appears 
like a dying world with little or no oxy¬ 
gen and little water, subjected daily to 
great extremes of temperature as the 
sun rises and sets upon its surface. 

Modern theories of the origin of the 
system of the planets indicate that the 
probability of the development of such 
systems among the myriads of stars is 
very much lower than we used to believe, 
and that they may be relatively few in 
number. Similar]}', as our knowledge of 
the planets increases, we may be led to 
the conclusion that quite possibly the 
earth is the only planet which can at the 
present time support life, and so that in 
the universe as a whole life is a much 
rarer and more precious thing than we 
once realized. 



A ZOOLOGIST IN THE PANTANAL OF THE 
UPPER PARAGUAY 

By JAMES A. G. REHN 

SECRETARY, ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA 


Every zoologist, and probably every 
botanist, critically studying any part of 
the Neotropical biota is confronted with 
numerous historic species described from 
“Brazil / 1 without further exact locality. 
Probably no single large area of the 
world, except the classic “J rules orien¬ 
tals ” of the older French workers, has 
been so frequently and indefinitely given 
as the habitat of this or that new discov¬ 
ery. The particularly exasperating an¬ 
gle of this indefiniteness is that in but 
a small percentage of cases can a modern 
student determine who originally se¬ 
cured the material, or even approxi¬ 
mately where. Very frequently the type 
material has long since disappeared from 
collections. The many problems raised 
by modern intensive work can usually be 
solved in such cases by topotypic speci¬ 
mens, or individuals taken subsequently 
at the original locality, but this involves 
definite knowledge of the latter. 

The vast extent of Brazil, reaching 
from 5° N to as far as 33° S, and with 
an area slightly larger than the United 
States, exclusive of Alaska or all Europe, 
as well as a diversity of surface condi¬ 
tions equaled by few other countries, is 
often unrealized even by otherwise well- 
informed people. 

Virtually every student of the Neo¬ 
tropical biota is involved in the tan¬ 
talizing indefiniteness of the early lit¬ 
erature, as a true knowledge of the 
character and relationships of the life of 
southeastern Colombia, eastern Ecuador 
and Peru and northeastern Bolivia can 
not be secured without broad considera¬ 
tion of that of Amazonian Brazil, con¬ 
stituting as these areas do but parts of 


a single great cohesive biotic province, 
probably the richest in the world in the 
diversity of its life. The frequent use 
of “Brazil” as an original locality may 
thus constitute a taxonomically discon¬ 
certing factor when studying the life of 
any Amazonian area, even outside of the 
political boundaries of Brazil. 

Roughly, the more outstanding biotic 
areas of Brazil are: (a) the relatively 
old mountain area to the north, separat¬ 
ing that country from Venezuela and the 
Guianas; (b) humid, usually forested, 
Amazonia; (e) the ancient eastern and 
central plateaus and mountain groups 
which are often in large part semi-arid, 
as well as treeless “ehapadao” over 
much of the western prolongation of this 
area in the Amazon-Paraguay divide; 
(d) the heavily forested belt of the 
coastal mountains of southeastern Bra¬ 
zil; (e) the relatively high and cool 
Parana pine ( Araucaria ) district, in the 
same general region, and (f) the Para¬ 
guay River drainage of Matto Grosso, 
most of Sao Paulo and the western part 
of the other more southern states, which 
in the immediate vicinity of the Para¬ 
guay becomes a “pantanal” or season¬ 
ally flooded river plain of broad expanse. 
Many further subdivisions can be sug¬ 
gested by the student of Brazilian fau- 
nistics, but the major ones given will il¬ 
lustrate the fundamental diversity of the 
basic factors affecting animal and plant 
life in Brazil. 

The Brazilian state of Matto Grosso 
lies in the south-central part of the coun¬ 
try, in contact with Bolivia and Para¬ 
guay along its entire western boundary, 
and embraces within its limits a large 
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FIU.l. OX-BOW CUT-OFF OF BIO PARAGUAY AT DE8('ALVADOS 

SHOWING FLOATING MATS OF 4 4 ( AMAL0TKS, ’ 9 A RELATIVE OF OUR WATER-HYACINTH, AND THE 
TANGLED, JUNGLY CHARACTER OF RIVERINE SCREEN FOREST. (PHOTOGRAPH BY MATTO GROSSO 

Expedition.) 


part of the Brazilian section of the Para¬ 
guay River drainage. The head streams 
of a number of the chief southern tribu¬ 
taries of the Amazon are similarly in¬ 
cluded'. The plateau which forms so 
much of the Amazon-Paraguay divide, 
with its “chapadao,” is also largely in 
Matto Grosso. The state has an area 
about twice that of Texas, or to be exact 
532,683 square miles. Few elevations 
within its borders reach as much as 3,000 
feet above the sea, but what is lacking 
in contour diversity is made up in other 
physiographic contrasts. To the north¬ 
ward we have Amazonian forests, par¬ 
ticularly along the stream courses, pass¬ 
ing into the “chapadao” and open 
forest country of the plateau divide, suc¬ 
ceeded southward by the vast, nearly 
level, low river plain, elevated but 
slightly above the river, and during the 
rainy season, which extends from Octo¬ 
ber to April, and for several months 


thereafter, is almost entirely flooded to 
a depth of from a few inches to as much 
as six feet. This country is the “pan- 
tanaP’ of the Brazilian, in general con¬ 
sisting when dry of open grassy campo- 
like plains dotted with usually circular 
islands of tangled forest, known as 
caapoes (pronounced capons), and with 
riverine screens of similar jungle forest. 
Many shallow channels, called “corixos” 
(coriehos), filled with tall sedge and 
papyrus, wind through the pantanal or 
spread out in broad sloughs. During 
the dry season rain may not fall for as 
much as three and a half months, the 
eampo grass-landi bakes dry, the grass 
sun-cures, the corixos largely dry up, 
being merely water pockets and not flow¬ 
ing stream courses, and many of the 
caapoes trees become leafless. The na¬ 
tive Borero Indian cattlemen then burn 
off the dry grass, and the smoke of grass 
fires is much' in evidence. While the 
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temperature may at times be high, the 
dry season is “winter” in the pantanal, 
and cold south winds, the backwash of 
Argentine “pamperos,” blow for days 
at a stretch; the writer lias seen the tem¬ 
perature drop from 97° to 40° F. in ten 
hours. 

To the svstematist who has worked on 
the fauna of Matto (1 rosso the name of 
one field collector of the past is particu¬ 
larly familiar. Probably his labors 
placed ip the hands of students as great 
a variety of material from several locali¬ 
ties in South America as any one of this 
group of scientific pioneers. It is pleas¬ 
ing to know that Herbert H. Smith was 
an American, and that virtually all his 
vast Brazilian collections are housed in 
American institutions. In the breadth 
of his work and its scientific results, his 
Brazilian efforts place his name in that 
coterie of zoological trail-breakers in 
Brazil which includes Spix, Natterer, 
Bates and Wallace. Of these Natterer 


was the only other one who touched the 
state of Matto Grosso, the northern por¬ 
tion of which he crossed on his way to 
the Bio Madeira, a trail of many perils 
then and hardly a pleasure stroll to-day. 

Smith’s work in Matto Grosso was 
done at two localities: first, the vicinity 
of the old city of Corumba on the Rio 
Paraguay, bordered on the north and 
east by low pantanal, with the elevated 
square-cut massif of Urueum on the 
south; and second, the town of Santa 
Anna de Chapada, twenty or more miles 
northeast of Cuyaba, capital of the state, 
situated on the Paraguay-Amazon divide 
and near the characteristic “chapadao” 
of that area. At these two localities, but 
especially at Chapada, Smith and the 
other members of his party collected in¬ 
tensively for several years, and amassed 
really amazing collections of mammals, 
birds, reptiles, fishes, insects and other 
animals, which served as the base for 
classic studies by Cope, J. A. Allen, Cal- 



FIG. 2. DE8CALVAD08 FROM THE AIR 

SHOWING THE SINUOUS COURSE OF THE RlO PARAGUAY, AND THE DIVERSIFIED COVER CONDITIONS 
OF THE PANTANAL. DKSCALVADOS IS THE LARGEST SETTLEMENT ALONG SOME THREE HUNDRED 
MILES OF THE PARAGUAY BETWEEN CORUMBA AND SIO LU1Z DE CAgERES. (PHOTOGRAPH BY 

Matto Grosso Expedition,) 
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FIG. 3. PANTANAL CONDITIONS IN APRIL AND MAY 

THE LATTER PART OF THE WET SEASON. TllE TERMITES 1 NESTS ARE SOMETIMES UNDERCUT BY 
THE WATER AND TOPPLE OVER. TllE WHITE BIRDS IN THE DISTANT SLOUOIl ARK LARGELY WOOD 
IBIS, WHICH FIND THESE AREAS PRODUCTIVE FEEDING GROUNDS. WHEN THE SAME COUNTRY WAS 
LARGELY DRY, WATER BIRDS WERE MUCH LESS IN EVIDENCE. (PHOTOGRAPH BY MATTO GROSSO 

Expedition.) 


vert and many others. Considerable 
portions of these vast collections are yet 
unreported, while studies on other sec¬ 
tions are being made by a number of 
specialists. My personal interest in 
Matto Grosso zoology came through work 
years ago on a portion of Smith’s series 
of Orthoptera. 

In 1930 an expedition was organized 
in the United States, having as two of 
its objects the securing of motion pic¬ 
tures of the wild life, human and animal, 
of parts of Matto Grosso, and the ex¬ 
amination of little-known country on the 
upper Rio Xingfi, one of the main south¬ 
ern tributaries of the Amazon. It was 
known as the Matto Grosso Expedition, 
and had attached to it as anthropologist 


and archeologist Mr. Vincent; M. Pe- 
trullo, of the University Museum of 
Philadelphia, and subsequently the 
writer was added to the expedition as 
zoologist, representing the Academy of 
Natural Sciences’of Philadelphia. 

Mr. Petrullo’s splendid work among 
the little known peoples of the upper 
Rio Xingu (pronounced Shin-gti) has 
been ably described by him in the publi¬ 
cations of the University Museum. 1 

The personnel of the Matto Grosso 
Expedition other than native help com¬ 
prised eighteen persons, all but four of 
whom were American. The main party 
left New York in December, 1930, and 

J Museum Journal, xxiii: No. 2, 91-173, pis. 
xix-xxiv, map, 1932. 
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the last members of the expedition re¬ 
turned to the United States about a year 
later. In order to insure the best pos¬ 
sible success in jaguar hunting, a num¬ 
ber of hounds trained on puma in the 
United States were taken. The value of 
these dogs over the average native one 
for trailing was beyond question, in 
spite of declarations by some that im¬ 
ported hounds would not be as useful as 
native dogs. The expedition w’as the 
fortunate possessor of its own short¬ 
wave radio equipment and for about five 
months had the use of an amphibian 
plane and crew of three. This was of 
exceptional value in connection with the 
anthropological reconnaissance of the 
upper Rio Xingu. 

In order to permit the best hunting, 
the stay of the expedition was planned 



FIG. 4. JAGUAR AND PUMA FROM THE 
PANTANAI, 

The large male jaguar in the center 
WEIGHED 290 POUNDS SOME HOURS AFTER DEATH. 
The heavy build and powerful forelimbs of 

THE JAGUAR ARE HERE WELL CONTRASTED WITH 
THOSE OF THE MORE SLENDER PUMA. THE KILL¬ 
ING POWER OF THESE MAKES THE JAGUAR A FAR 
MORE SERIOUS PROBLEM TO THE CATTLEMAN. 

(Photograph by Matto Grosso Expedition.) 


to cover the entire dry season, when the 
pantanal country, where the largest type 
of jaguar known occurs, is driest and 
trailing has the best chance of success. 
For other groups of animals than mam¬ 
mals, however, with the possible excep¬ 
tion of birds, the dry or winter season, 
w T ith its very cool spells and its lack of 
rain w r as, as in the American tropics as 
a whole, distinctly less productive than 
the wet season. While the latter season 
is the one more trying to the field 
wmrker, it is in many wavs more pro¬ 
ductive in results. For anthropological 
work, with its relative ease of land 
travel, and for aerial reconnaissance, the 
dry season is distinctly the better. 

The base of the Matto Grosso Expedi¬ 
tion was established at Descalvados, on 
the upper Rio Paraguay, the station of 
the Brazil Land and Cattle Company, 
w r ell over two hundred and fifty miles by 
stream and about one hundred and 
seventy-five in an air-line due north of 
Corumba. Descalvados is a “xarqui” 
(pronounced char-kee), or jerked beef, 
slaughtering and drying plant, and un¬ 
der its now deceased manager, John 
Gordon Ramsey, it has served in the past 
two decades as a base for several zoolog¬ 
ical expeditions, while the ltooscvelt- 
Itondon Expedition visited it on the way 
to Tapiropoan and on over the chapadao 
to the descent of the Rio Roosevelt. 
Ramsey, a former Texas sheriff and cat¬ 
tleman, will always remain an unforget¬ 
table figure in the memory of those for¬ 
tunate enough to have had the friendship 
of this courageous and generous ex¬ 
emplar of the best in our pioneer days. 
At Descalvados, under conditions en¬ 
tirely different from those of our West, 
he had developed in the Borero Indian 
cattlemen an unusual loyalty on ac¬ 
count of his fairness, coupled with the 
application to the guilty of the justice of 
our old frontier. In a land where life is 
still held lightly, he was to the eyil-doer 
a living personification of the maxim 
that the way of the transgressor is hard. 
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The Boreros of Descalvados represent 
a sadly decultured branch of that dis¬ 
tinctive people, and have been in contact 
with white men for many decades, as the 
upper Paraguay served as part of the 
route of the Spanish conquistadores on 
the long trail from Asuncion to Lima, a 
hai’d journey to-day and an almost un¬ 
believably arduous one in the sixteenth 
and seventeenth centuries. The Descal¬ 
vados Boreros in the past decades have 
acquired a pronounced Negro admix¬ 
ture, adopted the white man’s clothes 
ami largely speak Portuguese, as well as 
their own tongue. On the Rio Kao Lou- 
renco, an important eastern tributary of 
the upper Kio Paraguay, about two hun¬ 
dred miles southeast from Descalvados, 
one of the branches of the Borero people 
lives in essentially their primitive condi¬ 
tion, having been hostile to whites until 
a few decades past. Through the co¬ 
operation of General Oandido Mariano 
da Silva Rondon, the distinguished Bra¬ 
zilian administrator and explorer, whose 
interest in the welfare of the aborigines 
of his country is sincere and understand¬ 
ing, members of our expedition were 
permitted to visit these interesting peo¬ 
ple and secure motion pictures and 
sound records of their dances, songs and 
mode of life. Brazil, it is pleasing to 
know, has adopted a policy of protecting 
its still considerable Indian population 
from exploitation and pseudo-scientific 
“ racketeering/ ’ yet providing for genu¬ 
ine scientific recording and preservation 
of anthropological and ethnological in¬ 
formation before inevitable changing 
conditions make this impossible. 

The scientific members of the Matto 
Grosso Expedition look back with plea¬ 
sure on the uniformly cordial coopera¬ 
tion and invaluable assistance received 
from the Brazilian Government and all 
its officials with whom they came in con¬ 
tact. No more generous consideration 
has been extended to the writer in field 
work involving seven different Latin- 



FTG. 5. HEX) OR MANED WOLF (C1MY- 
SOCYON JWAC1IYVRVS) 

ONE OF THE MOST STRIKING AND DISTINCTIVE 
ANIMALS OF THE RlO PARAGUAY DAKIN. 

American countries. The cooperation of 
Brazilian scientists was equally generous 
and helpful, fully in keeping with the 
extreme cordiality which has marked 
Brazilian-American relations of all char¬ 
acter. 

The Rio Paraguay at Descalvados, 
where the writer spent the four months 
between May and October, occupied with 
hunting and zoological collecting, is a 
stream about two to three hundred yards 
wide, swift and powerful in spite of its 
low elevation (approximately six hun¬ 
dred feet) there, about two thousand 
miles from the sea. The river has many 
holes, some being over forty feet deep 
at low stages of the water, although to¬ 
ward the end of the dry season shoals 
often give trouble to the shallow draught 
river steamer, which operates between 
Corumba and the town of Sao Luiz de 
Ca^cres, some seventy miles upstream 
from Descalvados. Ca^eres is an old set¬ 
tlement and has figured conspicuously in 
the past history, and the natural history, 
of Matto Grosso. In the past it was also 
called Villa Maria, and is so quoted in 
some of the older scientific literature. 

Some fifty miles or so down stream 
from Descalvados the Paraguay breaks 
up into several .channels which squirm 
and twist through forest-bordered pan- 
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tanal. The navigation of tiie.se tortuous 
waterways requires skill and experience 
at the helm of the steamer, particularly 
with freight barges lashed on the sides, 
as is the usual custom. 

A hundred or more miles above Co¬ 
rumba the various channels merge into 
a deep powerful stream, which flows 
among the eastern ridges of a rugged 
mountainous area. This uplift, rising 
out of the pantanal and the ghostly 
lakes of Fberaba, Guiba and Mandiore, 
stretches far off westward into Bolivia. 
The July airplane panorama of these ap¬ 
parently ancient mountains, rising from 
the flooded pantanal and reaching off 
toward the setting sun, range beyond 
range, deep into Bolivia, is something 
not readily forgotten. Their dry slopes 
show many candelabra cacti (Cereus 
peruvianus), which are locally called 
urumbeva in Brazil, and are sometimes 
as tall as forty-five feet, while the hill 
slopes are also dotted with the pink and 
yellow flowers of the peiivas. We know’ 
little of these mountains or their animal 
life. They have never been accurately 
surveyed and are charted on the best 
Brazilian maps as just surpassing three 
hundred meters in elevation. With our 
plane we cleared the summit of one of 
the higher peaks by about two hundred 
feet and found its height was approxi¬ 
mately four thousand feet above the level 
of the Bio Paraguay. 



PICK 7. TREE PORCUPINE (COENVU) 
(Photograph by Matto Grosso Expedition.) 



FIG. 6. THE BARGE OTTER OR “ARE- 
IN11A” (LUTRA BRA8IHENSTS) 

The flattened tail is evident in the photo¬ 
graph. The fringed leather apron of the 
Borer/i cattleman is keen on the figure to 

THE LEFT. 

To return to the Paraguay at Des- 
calvados, the surface of the river gen¬ 
erally bears floating islands or marginal 
fringes of “ carnal otes” (Eichhornia and 
Pontederia) , larger cousins of the water- 
hyacinth of our southern states. These 
mats of vegetation often solidly choke 
the channels of ox-bow cut-offs which 
lead back from the main stream. Quiet 
shallow pools or small lagoons with little 
or no current will shelter the glorious 
“rainha dos lagos” or queen of the lakes, 
a species closely related to the Victoria 
regia of more northern South America. 

The dense fringe of jungly forest 
which borders the river, and for long 
distances forms a screen cutting off the 
hinterland, is made up of a large num¬ 
ber of species of trees. This forest, 
being more generally inundated during 
high water than the drier caapoes, has a 
different fancies. It is what might be 
called more truly tropical in the more 
frequent palms, of which the caranda 
palm ( Copernicia cerifera) is the most- 
abundant, while others are the “auassu” 
(Orbignia speciosa) y the burity palm 
( Mauritia) and the great-leaved * ‘ acury ' 9 
(Attalea)y a near relative of .the Cen¬ 
tral American corozo or manaca palm. 
Among the many other riverine forest 












THE PANTANAL OF THE UPPER PARAGUAY 


07 


components may be mentioned great 
wild figs or “figueiras” (Ficus), species 
of Cercopia, locally called “urnbau- 
beira,” which is the “guarumo” or 
trumpet tree of much of Spanish Amer¬ 
ica, the false dragon’s blood ( Helio¬ 
carpus americanus) and the 4 ‘ pao santo 
(Bulvesia sannienti). The fringe for¬ 
est is often almost solidly mantled with 
a blanket of vines, tying all into mounds 
or domes of green, as seen from the 
stream. When the water is high all the 
land bearing the riverine forest is inun¬ 
dated or at least but a few inches above 
the Hood. 

The open pantanal of eampo character 
is generally treeless, short-grassed, level, 
sometimes with an open grove-like tree 
cover of species of relatively low stature, 
most of which become completely leafless 
by the end of the dry season. The dense 
caapdos are scattered like islands over 
the eampo and wetter pantanal, usually 
elevated a few feet above the general 
level and thus generally dry most of the 
year, serving as refuges for many mam¬ 
mals during the flood time. They are 
generally circular in outline, which is 
particularly pronounced when the pan- 



FIG. 9. GIANT ARMADILLO ( FRIO - 
DONTES QIGANTEUS) 

This specimen, the first of three captured 

ALIVE, DIED IN TRANSIT THE NIGHT BEFORE 
REACHING OUR HEADQUARTERS. THE GREAT DIG¬ 
GING CLAWS ARE USED BY THE PRIMITIVE 
BORERdS IN ONE OF THEIR DISTINCTIVE NECK 

pendants. (Photograph by Matto Grosso 
Expedition.) 



FIG. 8. FALSE VAMPIRE BAT (VAMPY- 
JfVM SPECTJWM) 

This specimen measured thirty inches 

ACROSS THE FULLY EXTENDED WINGS. It KILLED 
AND DEVOURED A SMALLER BAT WHICH WAR 
PLACED IN A CAGE WITH IT, (PHOTOGRAPH BY 

Matto Grosso Expedition.) 

tana! is seen from a plane, and rise quite 
sharply from the eampo, with no definite 
transition area. The densely matted tree 
growth is made up of many kinds, most 
conspicuous of which are the great¬ 
leaved “lixeira” (Curatella americana ), 
species of wild fig (Ficus), several 
palms, the giant jatoba ( Hytnenaea ), 
species of Inga, called “iugasinho,” and 
lianes of varied and strange type, of 
which the “eipo de esoada” (probably 
a Hanhinia), with its ladder-like convo¬ 
lutions, draws prompt attention. On 
the few low, rocky hills near Descalvados 
—apparently isolated remnants of the 
mountains to the south already men¬ 
tioned—one finds a more xerophytic 
vegetation, with candelabra cactus, low 
spiny agave-like types and the yellow 
and red flowered peuva trees, locally 
“peuva amarella” (Tecoma ochracea) 
and “peuva roxa” (T. ipe ). These 
beautiful trees in the dry season are 
mantled with great clusters of golden 
yellow and purplish pink trumpet-like 
blooms, although then quite leafless. 
The wet swales*of the pantanal, with 
their standing water, are densely grown 
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FIG. 10. WATER BIRD LIFE ON THE PANTANAL AT THE END OF THE WET 

SEASON 

These are mainly egrets and wood ibis. The standing large birds with black necks are 
jABiafis. (Photograph by Matto Grosso Expedition.) 


up in a tall coarse sedge, which has 
much the same cutting propensities as 
Florida saw-grass. Often these areas 
occupy many acres, filling every slight 
depression in the land. In the deepest 
wet spots are dense eight-foot stands of 
papyrus. Many shallow lagoons are 
scattered over the pantanal, bearing 
great mats of “camalotes” and the 
“rainha dos Jagox” much as embay- 
ments of the more truly riverine sec¬ 
tions. Until the middle of the dry 
season the recurrent splashing of water, 
when crossing the eorixos or shallow 
pools, is the regular accompaniment of 
pantanal travel in the saddle. This 
brief picture of the major features of 
pantanal landscape will give a back¬ 
ground for comments on its more evi¬ 
dent animal life. 

Any mention of the great cats at once 
brings forward the African lion as the 
standard of comparison. In reality he 
is unique among the larger eats in a 
number of respects and correspondingly 
non-representative. None of the other 
large felids are as gregarious as the lion 
is often found to be, and they are as a 
whole more forest-loving. One will not 
find the various forms of jaguars or 
pumas congregating in fair-sized groups, 
and their siestas are by preference taken 
in heavy cover. Consequently, they are 
far less evident features of the landscape 
than lions are in Africa. The specieg or 


subspecies of the jaguar of the pantanal 
region (Felts onca milleri) is the largest 
form of this greatest of New World cats. 
The relationships of the various forms 
of jaguars have been the subject of re¬ 
cent investigation by Messrs. Nelson and 
Goldman, and the technical name here 
used was recently proposed by them for 
the pantanal subspecies. 

It is a common thing, even among other¬ 
wise well-informed people, to look upon 
the jaguar as merely an American coun¬ 
terpart of the leopard. In reality they 
have no resemblance in habits, much less 
in size and build. The jaguar is a far 
heavier animal, with more robust limbs, 
lower set and thicker body, shorter, 
heavier tail and more powerful head and 
neck. No Old World cat has propor¬ 
tionately as heavy fore limbs as the 
jaguar. The Matto Grosso Expedition 
secured fifteen jaguars, of which the 
largest weighed 290 pounds, a number 
of hours after death. This cat in life 
undoubtedly would have scaled 300 
pounds, or equal in weight to a small 
African lion. The relative size of this 
huge male, as compared with a fair-sized 
female jaguar and an average puma, is 
shown in Fig. 4. 

When cattle are not available or not 
particularly sought, the pantanal jaguar 
preys upon tapir, deer, capybara, rheas 
and even the alligator-like jacar^s or 
caimans. It has even been known to 
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attack the great ant-eater, with fatal 
results to both, and doubtless will eat 
armadillos and various of the larger 
birds. Although he is an almost om¬ 
nivorous feeder, tapir and capybara 
seem to be particularly liked. The hides 
of tapir often show deep claw marks 
where jaguars have attacked and been 
swept off by the tapir s headlong rush 
through dense brush, usually for the 
relative security of deep water. Never¬ 
theless, the jaguar swims well and crosses 
largo or swift bodies of water without 
difficulty. During the inundation of the 
wet season jacares become more widely 
spread over the vast extent of the pan- 
tanal. As the flood sheet recedes these 
unprepossessing saurians are encoun¬ 
tered wandering over dry land consid¬ 
erable distances from any water. In 
hunting one often finds the mummified 
remains of jacares, always on their backs 
with the lower surface torn away, show¬ 
ing where some hungry jaguar stalked 
and slew. 


The jaguar’s hunting is generally done 
at night, while the day is usually spent 
in the depth of some dense caapoe. -To 
these places the cats generally retire in 
the early morning, often taking a pre¬ 
liminary roll in a bed of grass or sedge. 
These beds are easily recognized. The 
sleeping place may at times be some dis¬ 
tance from the “kill,” if one has been 
made, or the cat will sleep near the kill, 
feeding again later. The position of the 
kill is generally evident from the at¬ 
tendant group of black vultures or 
“urubus / 9 Apparently long distances 
are covered by jaguars in search of food, 
and in hunting them with hounds cold 
trails are sometimes followed for many 
miles before the spoor becomes fresh 
enough for the younger, “hot-trail” 
dogs. In one case we followed a trail 
for twelve miles before the cat came to 
bay. 

Naturally cattlemen are deeply inter¬ 
ested in the spotted killer, which takes a 
considerable toll of calves, cows and 



FIG. 11. WOOD IBIS FLYING OVEK FLOODED PANTANAL 
The shrub in the foreground is known locally as “canudo” or “algodXo do pantanal” 
(wild cotton) ( Ipomoea fistulosa ) and occupies a definite belt in the Descalvados 
PANTANAL. (PHOTOGRAPH BY MaTTO GROSSO EXPEDITION.) 
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FIG. 12. JAWS OF THE WOLF FISH 
(BBAMPIIIOnON) 

One of tiie highly specialized members of 

THE GREAT FAMILY OhARACIN IDAE. (PHOTO¬ 
GRAPH by Matto Grosso Lxpedition.) 

steers, while much more rarely a bull, 
taken off guard, may be attacked. Na¬ 
tive hunters kill a considerable number 
for their hides, the ranchers sometimes 
systematically endeavor to wipe out a 
particularly persistent cattle killer, yet 
jaguars remain in considerable numbers, 
unseen and usually unheard. 

Pumas (Felis concolor osgoodi) are 
probably less numerous than jaguars in 
the pantanal, seem more partial to the 
drier areas and, being smaller, play a 
less important part. Occasionally a 
family group of as many as three will be 
encountered. Such a trio one day fur¬ 
nished us with two study specimens and 
a live individual. When closely pressed 
by hounds, they invariably tree, while 
jaguars may elect to bay on the ground, 
as I saw them do on two occasions. In 
dense growth a large jaguar at bay on 
the ground is a serious opponent for 
rnan or dog, as visibility may extend but 
a few yards, and a charging jaguar has 
speed all out of proportion to his build. 
The wise dog gives plenty of room, the 
careful hunter takes no chance of merely 
wounding the jaguar by a hasty shot. 
As elsewhere, pumas are less likely to 


attack cattle, and probably proportion¬ 
ately kill more deer and smaller mam¬ 
mals than do jaguars. The range of 
body color in the puma at Pescalvados 
was from a rather dark grayish brown 
to a decidedly red brown tone. 

The ocelot or “jaguaterica” (Felis 
pardalts brasilicrisis) is probably the 
most persistent hunter of the smaller 
mammal and birds of the pantanal. It 
is at least partly diurnal in its hunting, 
as trails picked up any time in the day 
were fresh and soon led to this most 
beautiful of the smaller cats, which 
climbs with the greatest facility. 

We did not encounter the interesting 
dichromatic yaguarundi cat (Felis ya- 
gouaroumli) or the very rare hush eat 
(Felis pajeros brarcalus ), which latter 
was described by Cope from H. H. 
Smith’s collection and still remains one 
of the scarcest cats in scientific collec¬ 
tions. Both species are known to occur 
in the pantanal. 

The common wild dog of the Rio Para¬ 
guay campo is one of the forms of the 
crab-eating dog or “lobito,” which is 
widely distributed over much of Brazil 
and adjacent countries to the south and 
southwest. It is a short-legged, dark, 
fox-like dog, which runs with great 
speed. The most unusual of the wild 
dogs of this portion of South America 
and one of the most distinctive in the 
world is the red or maned wolf ( Chry - 
socyon brachyurvs ), the “lobo ver- 
melho” of the Brazilians. This long- 
legged, great-eared animal suggests a 
gigantic, stilt-legged, short-tailed edition 
of the red fox. The very slender legs 
are black, as is the muzzle, while the gen¬ 
eral body color is a fox red. The hair 
along the back is rather long, suggesting 
a mane, and the short, poorly brushed 
tail gives an impression that the job of 
constructing a very striking animal was 
left unfinished. An interesting paral¬ 
lelism is that the marked coloration of 
this species and that of the large swamp 
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deer. Jiving in the same territory, are 
very similar. However, this strange dog 
apparently feeds on small mammals and 
to some extent on wild fruit, such as the 
small figs of the figueiras. The experi¬ 
ence of our party with the single one col¬ 
lected shows that the red wolf is a sav¬ 
age fighter when brought to bay, fully 
able to hold its own against hounds. 

Two species of otter occur in the 
Rio Paraguay at Descalvados, the 
smaller (Luira paranensis ), called “Ion- 
fra,” the larger (L. bras Merisis), the 
‘‘areinha.” The latter species has been 
considered to be generieally distinct, as 
it has the tail distinctly flattened, with 
a ridge on each side. It is one of the 
largest otters known, and in total length 
is sometimes but little short of six feet. 
This giant species, which ranges through 
much of South America to the Rio de la 
Plata, will sometimes be found in the 
Rio Paraguay in small family groups, 
engaged in the graceful gambols for 
which otters are noted. 

The Proeyonidae is represented by the 
red coati (Nasua nasua solitaris) and 
the crab-eating raccoon (Procyon can - 
crivorvs nigripes). The former is more 
likely to be encountered in the forest 
areas, while the raccoon is probably 
more partial to the truly riverine section. 
Both are often tamed and make interest¬ 
ing pets. Dogs find the coati a formida¬ 
ble opponent on account of its triangu¬ 
lar canines, which are capable of serious 
injury to a dog as large as a foxhound, 
as one of our animals learned. 

A black species of howling monkey 
(Allouatta caraya) and a capuchin 
(Cebus azarae) are frequent in the for¬ 
ested areas, particularly along the river. 
The howlers, which show sex-correlated 
dichromatism, are often heard at night, 
or even on gray days. The members of 
the expedition made a brave effort to 
rear several half-grown howlers, but 
with the failure usually encountered in 
such attempts with these delicate mon¬ 


keys. They were thoroughly tame and 
most likable and interesting pets, with 
their quiet, dignified manners and solemn 
mien, so in contrast to the rowdy capu¬ 
chins in our menagerie. The howlers 
were never mischievous and could be al¬ 
lowed to roam free, returning at night, 
from their diurnal wanderings over 
paling fences and compound trees, to the 
comfort of their open cage. They soon 
made friends, and would confide their 
face-wrinkling worries in low but deep 
and throaty complaints. The slower 
action of the howlers was always evident 
when they came within reach of the 
chained capuchins, and a rough-and- 
tumble immediately developed. 

The tapir (Tapirus terrestris) is usu¬ 
ally considered to prefer the general 
neighborhood of water, and will often 
spend part of his time in it, while in 
such situations water plants form at 
least part of his food. In the Des¬ 
calvados area, however, tapirs are some- 



FIG. 13. JABIRUS (JABIftU MYCTEBIA) 
ON NEST 

This nest was located in the riverine for¬ 
est AND A SERIES OF MOTION PICTURES OF THEBE 
BIRDS WAS TAKEN FROM A VANTAGE POINT IN AN¬ 
OTHER tree. (Photograph by Matto Grosso 
Expedition.) 
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times met considerable distances from 
permanent water, feeding on wild fruit. 
An adult female secured by the expedi¬ 
tion in the riverine forest weighed 459 
pounds. While the Brazilian tapir is 
undoubtedly an ancient type, it has re¬ 
tained its specific characters unchanged 
over a considerable territory, as it 
ranges from Colombia and the Guianas 
to southern Brazil, Paraguay and north¬ 
ern Argentina. Why this species, or 
a near relative of it, should occur in the 
North American Pleistocene, and not the 
Central American genus Tapir alia, where 
Tapirus does not occur, is not known, 
but is one of the many instances in 
which the differentiation of the life of 
Central America from that of the conti¬ 
nents to the north and south of it is 
marked. 

Of the deer of the pantanal the most 
conspicuous are the “veado” or pampas 
deer (Blastocerus bezoarticus campes- 
tris) and the “ciervo” or swamp deer 
(Blastocerus dichotomus). The first of 
these is distinctly smaller than our east¬ 
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ern Virginia deer, the buck with light, 
graceful antlers, and both sexes capable 
of speed and agility which suggests a 
jack rabbit, with the “sky hop” of the 
latter, probably for better observation. 
It is abundant and partial to the open 
grassy or park-like campo, while the 
“ciervo” is more truly a species of the 
wet pantanal. In size the latter is large 
and heavy bodied, equalling a large 
mule deer, in the male with symmetrical, 
well-spread antlers of the Odocoileus 
type, while the striking body color has 
been mentioned under the red wolf. In 
contrast with the active little veado, the 
ciervo is slow and confiding. Only when 
thoroughly frightened does it seem to 
realize that another neighborhood may 
be safer. In consequence, it is killed in 
numbers for its hide, which, however, 
brings but a pittance. Apparently this 
beautiful species will soon disappear 
from lands where it is to-day the largest 
deer and one of the most beautiful mem¬ 
bers of its family. 

Both types of peccaries are encoun- 



FIG. 14. JACARKS (CAIMAN) ON THE BANK OF THE RIO PARAGUAY, 

This picture also oives an idea or the density of the riverine fringe forest. (Photo¬ 
graph bit Matto Grosso Expedition.) 
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species or < *fcesdiado ,> oe- 
hundred or 

more, while the smeller collared species 
it usually in. groups of from three to a 
dozen or to. The larger white-lipped 
peccary is always treated with caution, 
as it is a truculent pig, prone to charge 
if pressed, too closely and capable of 
seriously injuring the hunter. Native 


aoetumal and' cxoeedinglyftwift &I'dhite;:;' 
movements as they -imh for safer amp': 
the tree porcupine (Comdou), the 
ieal American counterpart of our Cte* 
ada porcupine, is infrequently encoun¬ 
tered in the forest areas along the river, 
its prehensile tail added evidence that 
this feature has been a survival factor in 
many of the Neotropical mammalia. 

Of the bats of the Bio Paraguay one 


dogs respect it and Indian hunters are proved of particular interest. The great 
careful in approaching the fortunately false vampire (Vampyrum spectrum), 
infrequent larger herds. The smaller the largest American bat, has a wing 
collared species when pursued often spread of over two feet. It apparently 
tabes refuge under partially Uprooted is not a common species and is also rela- 


trees or in similar places. When run* 
ning for cover it can make surprising 
speed, bouncing along in a rabbit-like 
bolt. At bay, if pressed too closely, it 
can use its triangular canines with 
deadly effect, as many dogs have discov¬ 
ered. The collared peccary is more fre¬ 
quently seen than the white-lipped pec¬ 
cary, and is closely related to the forms 


tively rare in collections, although it has 
been known since before the days of Lin¬ 
naeus. For many years it was consid¬ 
ered to be a blood-sucker, and its 
technical name was given under this mis¬ 
apprehension. The true vampires belong 
to the distinct family Desmodontidae, 
and are much smaller species with highly 
specialized lancet-like incisor teeth. 


found in Texas, New Mexico and Ari¬ 
sons. 

Of the numerous rodents the capybara 
{Sydrochoerue capybara) is the most 
evident and interesting. This largest of 
the gnawing animals seldom wanders far 
frOm pexmaacnt water and ia frequently 
found in groups, peacefully feeding or 
sun-bath, close to the relative 
Mvenof the river or a corixo, .The 
jiguar seems fond of capybara, while 
;|«0ar6s probably account for a number, 
fei modem demand for hides is at>* 
a.greater factor ia steadily re- 
; dndng. the’ nrsber 'of them quaint and 

-■ 

wyd^ ; wtet- . ( Us truncate muzzle, 


se e ms to have been 
L As 


While several forms of the false vampire 
are now recognised, the species ranges 
from southern Mexico to Brazil. Noth¬ 
ing definite appears in the literature re¬ 
garding the habits or food of titis^peMeS^ 
From my first acquaintance with mu¬ 
seum specimens of the species it* 
strongly developed canines -alwayjp 
seemed out of place in a batoffrugivori 
ous habits, such as.'those of manyof it* 
phyUostomatiae relative*. A live speci¬ 
men of this bat, Which spread thirty 
inches across the wingvwasesptttrvdby 
our party and placed in a ca^. Afteri 
it had eaten /some'.finely ■ 
smaller ’bait was. placed with it :‘ljp 
■ fake vampire ■ promptly . seieedtb* 


meats with Fampyrttm 

. |> y ^ Oarn^^ 
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American bats share such habits with the 
Old World genus Megaderma . While 
the work of the true vampires was occa¬ 
sionally evident on our horses, no speci¬ 
mens of them were seen or taken. 

No living edentates are more interest¬ 
ing and peculiar than the armadillos, of 
which three species, representing as 
many genera, were found by our party. 
The most outstanding of these, as well as 
the rarest, is the giant armadillo ( Prio - 
dontes giganteus), or “tatu canestra.” 
This, the largest of all living armadillos, 
measures as much as four feet, nine 
inches from nose to tip of tail, of which 
the powerful, tapering tail occupies over 
twenty inches. The largest digging 
claws of the front limbs are more than 
four inches in length. Its very large 
tunnel-like burrows are occasionally 
seen, but the animal is considered rare 
by all the native hunters. We managed 
to secure three, two alive, hoping to 
bring them to the United States in that 
condition, which I believe has never been 
done. Unfortunately, one escaped and 
the other, after feeding satisfactorily for 
a month, refused food and starved itself 
to death. One of these captives gave us 
an excellent illustration of the speed 
with which this most powerful of all 
American digging animals can bury it¬ 
self out of sight. When but a few feet 
in its tunnel, the efforts of several men 
pulling on its tail were not sufficient to 
dislodge it or even seriously slow up its 
excavation work. This glyptodont-like 
genus is known to range from north cen¬ 
tral Argentina northward across eastern 
Bolivia and adjacent south central Bra¬ 
zil. Any promising young mammalogist, 
who wishes a unique experience in the 
preparation of material, should skin and 
skeletonize a giant armadillo. He will 
learn that for the size it can supply an 
unbelievable amount of hard work and 
tax his resourcefulness to an unequalled 
degree. The primitive Borero Indians 
prize the largest digging claws, which 


are used in pairs to make one of their 
most distinctive types of neck pendants. 

Two ant-eaters are regularly encoun¬ 
tered in the Descalvados area, the great 
ant-eater or ant-bear ( Myrmecophaga 
tridactyla ), the tamandua bandeira of 
the Brazilians, and the smaller tamandua 
ant-eater (Tamandua chapadensis). The 
former, with its strange build, very elon¬ 
gate head and broad brush-like tail, is 
not rare in the pantanal, living largely 
on termites, the hills of which it is able 
to open with its powerful fore claws. 
When frightened it lopes away with a 
peculiar rocking-horse gait, its great 
bushy tail going high with each drop of 
the fore quarters. Jaguars occasionally 
kill the great ant-eater, but the latter 
can defend itself most valiantly. Set¬ 
tling back on its hind quarters it de¬ 
livers slashing blows with its fore 
limbs, which are armed with four-inch 
claws that cut like scythes. Probably 
only a jaguar hard pressed by hunger 
takes such risks, as these combats have 
been known to end fatally for the cat as 
well as the ant-eater. 

The smaller tamandua is arboreal, its 
prehensile tail making it quite at home 
in that habitat. It is not uncommon and 
was brought to us alive by natives a 
number of times. One half-grown one 
became a most likable pet, with complete 
freedom of all our quarters, but radio 
battery acid proved too much for its in¬ 
nocently inquiring tongue. It fed most 
contentedly on the termites in chunks of 
their structures which were demolished 
for the purpose. Assiduously the pieces 
were gone over, and few termites es¬ 
caped attention. This peaceful animal 
was never known to make a sound, until 
one day a captive young crab-eating dog 
nipped it; then our placid pet reared on 
its haunches, and with several lightning- 
like slashes drove the dog away, while in 
a high-pitched squealing voice it bid de¬ 
fiance to its assailant. 

One of my unforgettable memories is 
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of the water birds on the Rio Paraguay 
at the end of the wet season. For vari¬ 
ety and abundance they far surpassed 
anything I had previously experienced. 
Later in the dry season, when the com¬ 
pletion of other work enabled me to turn 
my attention more to water birds, the 
abundance and variety was by no means 
so great. The local explanation is that 
the birds follow the receding water down 
the Paraguay. How true this is I do not 
know, but the abundance of early June 
was greatly depleted by early September. 

The vast flocks were made up of many 
species, chief of which were wood ibis 
(Myctcria americana ), egrets, group of 
roseate spoonbills (Ajaja ajaja ), crying 
ibis ( Molydophanes caerulescens) , and 
most conspicuous and noteworthy of all 
the jabird ( Jabiru mycteria) or “tu- 
yuyu” of the Boreros. This, the largest 
of American storks, stands as much as 
four feet high, snow white with the bare 
skin of the neck and head black, except 
for a collar of red or pink at its base, 
this color covering a gular pouch capa¬ 
ble of marked inflation, particularly on 
the sides of the neck. The crown of the 
head bears a thin tuft of white hair-like 
feathers, which at close quarters adds to 
the ancient and dignified appearance of 
the bird. The bill of the jabird curves 
up slightly in the end half. The jabird 
nests in tall trees in the caapoes or in an 
occasionally isolated one in the campo, 
constructing a huge structure, which is 
apparently added to year after year. 
Occasionally the community nesting 
“catita” parrots ( Myiopsitta monachus 
ootorra) use the lower part of the 
jabird’s nest for one of their colonies. 
The young jabird number two, and were 
still in the nest in August, solicitously 
tended by their devoted parents, al¬ 
though they were of quite fair size. 

Wood ibis ( Mycteria americana) were 
in very great numbers, as late as Sep¬ 
tember often feeding by dozens in wet 
spots in the pantanal. The great cocoi 
heron ( Ardea cocoi) frequented the 


riverine areas, along with the boat-billed 
heron ( Cochlearius cochlearius) , the 
night heron ( Nycticorax n. naevius) and 
the most beautiful of the Paraguay 
herons— Pilherodius . Along the water¬ 
ways anhingas or snake birds ( Anhinga 
anhinga) were abundant, and the Bra¬ 
zilian cormorant ( Phalacrocorax oliva - 
ecus) or “vigua” quite general, while 
the strange jacanas were much in evi¬ 
dence, running over river vegetation. 
The wild Muscovy duck ( Cairina mo- 
schata) and several species of tree duck 
(Dcndrocygna) were in numbers, the 
former particularly on the wet pantanal, 
flying up into trees when disturbed, but 
apparently passing much of their time 
in such situations. As the river sand¬ 
bars became exposed a wealth of sand¬ 
pipers, plovers and many skimmers 
(Rhynchops nigra intercedens) tenanted 
them temporarily. 

On the dry pantanal the rhea or Amer¬ 
ican ostrich was clearly the most inter¬ 
esting bird. It was usually met in small 
groups, generally in open treeless 
campo. It is to be hoped that the fate 
which in Argentina has overtaken this 
interesting genus of ratite birds will be 
prevented in southern Brazil, and that 
there it may be protected from the devas¬ 
tation of the feather-duster trade. Per¬ 
haps vacuum cleaners may be the rhea’s 
salvation. Rheas can hardly be consid¬ 
ered attractive from the standpoint of 
food, as their natural muskiness alone is 
unpleasant in the extreme. Their eggs 
are used as food by the natives and make 
a most acceptable omelet. The anoma¬ 
lous seriama ( Cariama cristata ), the sole 
representative of a family of debated 
relationship, is another most interesting 
campo inhabitant, as much an enemy of 
snakes as is the African secretary bird, 
which the seriama so much resembles. 
The turkey-sized screamer ( Ankima cris¬ 
tata) perches on the top of some con¬ 
spicuous tree and vocally advertises its 
presence. 

The most brilliant of the conspicuous 
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land birds of the pantanal is the great 
hyacinthine macaw ( Anodorhynchus 
hyacinthinus) , the largest of American 
parrots, which, always in pairs and in 
groups of up to sixteen, raucously defies 
you and warns the entire district of your 
presence in their territory, as flying 
quite low, within gun shot, they circle 
above you again and again, until appar¬ 
ently tired they retire to some tail 
caapoe tree to talk it over among them¬ 
selves. 

Several other species of macaws, three 
of Amazon-type parrots and four species 
of parrakeets of several genera are regu¬ 
lar in the pantanal, and all but one were 
seen by our party. Toucans of two gen¬ 
era ( Rhamphastos and Pteroglossus ), 
woodhewers of many types and ant 
thrushes of varied character, the glori¬ 
ous-voiced oven birds (Furnarius) , and 
tanagers, finches, orioles and flycatchers 
of many genera made up a large part of 
the marked variety of the smaller land 
birds. A robin-like Planesticus sug¬ 
gested home, while at the next turn a 
gorgeous manakin dispelled that allu¬ 
sion. Contingas, however, were not seen, 
while swallows were not numerous in 
species. Woodpeckers were infrequent, 
but three species of kingfishers were 
abundant on the river, and a beautiful 
jacamar ( Oalbula rufo-viridis), very 
tame and confiding, was common in the 
open dry scrub forest. 

The curassows were represented by 
quite a few species, one a great turkey¬ 
like Crax, while but two species of owl 
were seen, one a Bubo, the other a tiny 
Olaucidium . Of the hawks and the 
caracaras the variety was large and 
ranged from a tiny falcon smaller than 
a sparrow hawk to great brick-red 
hawks, but little smaller than some 
eagles. The everglade kite ( Bostrhamus 
sociabilis) , with its snail-eating habits, 
found much to feed upon in the literally 
millions of stranded Pomacea snails, left 
on every hand by the retreating flood 
waters. 


About our headquarters the beautiful 
red-headed Brazilian cardinals of the 
genus Paroaria were abundant and trust¬ 
ful, while barn owls (Tyto alba tuidara) 
nested in the roof of the church at Des- 
ealvados. 

The most abundant and evident large 
animal along the Rio Paraguay is the 
jacarc or caiman of that district ( Cai¬ 
man species). While not reaching the 
great dimensions of some of the species 
of Old World crocodilians, it makes up 
in numbers for its mediocrity in size. 
While the average adult is probably 
about eight to nine feet in length, they 
occasionally reach as much as twelve feet 
or even more. Doubtless jaeares are ex¬ 
ceedingly destructive to all wild life as 
a whole, and are also responsible for the 
death of many cattle, particularly calves. 
Humans are not immune to their attacks, 
although they are not as generally dan¬ 
gerous to man as the African crocodile. 
Many men, however, have been maimed 
by them, and one of our party was seri¬ 
ously bitten in the foot by a jacar6 while 
tramping in flooded pantanal. With 
them and piranhas as abundant as they 
are, swimming in the Rio Paraguay, or 
for that matter venturing in the larger 
areas of water any more than necessary, 
is not without perils. 

Jacar6s like crocodiles use sand-bars 
as sunning places, but also pull out on 
narrow bank shelves in the river forest. 
Often as many as a dozen will be found 
distributed along a short piece of river 
bank, but a foot or two above the water 
level. They are then quite sluggish and 
frequently several shots can be fired be¬ 
fore the last survivors slide into the 
water. When in repose on land the head 
is kept raised, while in walking they 
raise themselves upon their legs and 
carry the body clear. Above in discuss¬ 
ing the jaguar I have mentioned the ex¬ 
tent to which jaeares spread over the 
pantanal when the latter is flooded. 
The Boreros eat the tail of the jacar6 
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after removing several long tendonous 
muscles. 

Almost no lizards were seen at Descal- 
vados during the dry season, and no 
chelonians except the great Brazilian 
land tortoise ( Testudo tabulata), which 
was often encountered when hunting. 
The Boreros insist there are two species, 
one of which is very rare and much 
larger than the other. These animals, 
like armadillos, are regularly eaten by 
them. Armadillos are roasted whole, 
usually on a spit across the fire. 

Of snakes the one most frequently 
brought to our attention was the rattle¬ 
snake or 4 ‘ cascavel ’ ’ ( Crotalus durissus ). 
This is not at all scarce in the drier 
campo areas. The Lachesis type of pit 
Vipers are also well represented, appar¬ 
ently by several species. We saw but 
few of these, possibly on account of the 
season. One of our hounds was bitten 
in the jowl by a poisonous snake, which 
was not seen. The two oozing punctures 
were soon surrounded by a rapidly aug¬ 
mented swelling, while the animal 
whined in pain. A prompt application 
of polyvalent antivenin had marked 
effect in ten hours, and the dog fully re¬ 
covered in several days. 

Few non-venomous snakes were seen 
except the anaconda, which locally is 
known as the sucurA In size it does not 
reach Amazonian dimensions, the aver¬ 
age individuals being not over ten feet 
in length. One large all black snake, 
possibly the famous mussurama, the foe 
of Brazilian venomous snakes, at Santa 
Rosa, not far from Descalvados, made an 
entirely unprovoked attack, coming for 
a considerable distance directly toward 
me, carrying the anterior part of the 
body well elevated. Just as I felt it 
would be necessary to stop the attack 
with a load of shot, the snake suddenly 
swerved, and sweeping about me disap¬ 
peared in a hole in the ground. Two 
Indian boys who were with me fled, but 
returned to help locate the attacker, 


who, however, declined to leave his re¬ 
treat. This snake was not less than eight 
feet in length. It reminded one, of 
course on a far larger scale, of the way 
our black snake will occasionally attack, 
but the Santa Rosa charge was without 
incentive, and my first knowledge of the 
snake *8 presence was its swift advance. 

The fishes of the Rio Paraguay have 
furnished the subject for a number of 
the classical papers of Cope, Eigenmann 
and others. Needless to say, this fauna 
is tremendously rich in species, particu¬ 
larly of the highly specialized Chara- 
cinidae. Even with all the previous 
work which had been done, the modest 
series of fishes taken by the expedition 
added four new species to science. Many 
of the fishes of the Rio Paraguay would 
be extolled in the highest terms for their 
angling qualities if they were better 
known and their habitat more readily 
accessible. Members of our party who 
were proficient with rod and reel had 
many experiences which would have 
made a salmon fisherman envious. The 
beautiful “dorado” ( Brycon hilari), 
which is colored somewhat like, but far 
more brilliantly than, our striped bass, 
and fights with all the ability of a sal¬ 
mon, is common and runs from about six 
to nearly twenty pounds. The deep¬ 
bodied pacus ( Myleus ), which run to 
even greater weight, are just as power¬ 
ful. The strange wolf fish ( Rhaphiodon 
typicus), like the others a highly special¬ 
ized characinid, possesses a pair of 
needle-like teeth at the end of the lower 
jaw, which lay over the face when the 
jaws are closed. In appearance and ac¬ 
tions the wolf fish makes one think of a 
barracuda. The jaws of these fishes 
treat the angler's tackle much as a steel 
trap might, but if the leader and hook 
hold the fisherman will have all the 
thrills he can ask. The omnipresent 
piranhas ( Serrosalmus, Pygocentrus and 
Pygopristis) are the fish menace to ver¬ 
tebrate life in Neotropical rivers. Much 
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has been written about them, probably 
many overstatements made, but they are 
undoubtedly the most justly feared ex¬ 
isting fresh-water fishes. Whether their 
attacks are diverted or encouraged by 
agitation of the water remains unsettled, 
but there can be no question that a 
wounded or disabled man or beast fall¬ 
ing into their home waters is frequently 
attacked and, unless able to get out of 
their reach, soon devoured or at least 
seriously injured. The taste of blood in 
the water seems to be the chief cause of 
their prompt concentration at any given 
point. I often have set afloat the 
skinned bodies of birds, and generally in 
an incredibly short time the piranhas 
were at them. In the ferocity of their 
attack they would sometimes leap clear 
of the water. In but a few minutes 
bones alone remained, when the bodies 
were moored so that results could be 
noted. 

Piranhas do not readily take a hook, 
but when they do their triangular inter¬ 
locking teeth play havoc with tackle. 
We trapped many in a cage trap, and 
used them for food. Captive young 
jaguars were frequently fed on them, 
and it is probable that, under certain 
circumstances, they may constitute part 
of the varied natural food of these cats. 
Piranhas must be stunned or killed by 
a blow before being handled. They are 
very tenacious of life, and if laid in the 
bottom of a canoe, without this precau¬ 
tion, they are able to vault their bodies 
into the air, and snapping teeth are thus 
a constant menace as long as life lasts. 

The two most striking fresh-water 
mollusks of the Paraguay at Descalvados 
are Pomacea insularum and Marisa 
planogyra, the latter described from the 
expedition’s collections. The dead shells 
of both literally pave great areas of the 
pantanal, particularly those sections 
which are more deeply inundated during 
the flood period. I have seen few living 
ones of either, stranded or in very shal¬ 


low water, and it is difficult to secure 
living material, at least in the dry sea¬ 
son. Most of the dead Pomacea have 
been punctured, apparently by the Ever¬ 
glade kite, which feeds upon mollusks. 
Few more remarkable resemblances ex¬ 
ist than that between the adult Marisa 
planogyra and our well-known fresh¬ 
water genus Planorbis. I presumed I 
was collecting a very large Planorbis, 
which genus I know in our home streams. 
My colleague, Dr. Pilsbry, soon pointed 
out my error and showed me the ampul- 
laroid type young. The flattened spirals 
of the adults may be nearly an inch and 
a half across. The bivalve mollusks 
were represented by the genera Anodon - 
tites and Diplodon, while doubtless 
numerous others would have been se¬ 
cured if time had permitted extensive 
search. Few land mollusks were noticed 
in the dry season, except for the large 
pink-lipped, white Strophocheilus infer - 
textus, which was found dead in dense 
dry caapoes. Living adults were prob¬ 
ably safely hidden from the withering 
effect of many weeks of sizzling drought. 

The dry season insect life was very 
scanty, being but an infinitesimal frac¬ 
tion of that I have found elsewhere in 
the American tropical and subtropics in 
the wet season. That the pantanal is 
rich in the wet season we know from the 
work of H. H. Smith at Corumbd. In 
the dry season there was not a single 
night producing the rich and varied 
flights of moths so frequently seen dur¬ 
ing the rains, but an occasional lone 
individual coming to our electric lights, 
the only illumination for many miles. 
Diurnal insects were inconspicuous and 
few, except for a limited number of 
small beetles and bugs. Wasps and bees 
were rare, except for colonies of the in¬ 
teresting black stingless bees Trigona . 

Ants and termites were, of course, as 
generally evident as elsewhere in the 
tropics. The structures of the termites 
dotted many parts of the pantanal, par- 
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ticularly the eampo areas. In height 
they reached as much as twelve feet, and 
in such cases were always slenderly coni¬ 
cal and never domed. 

The stridulating Orthoptera were lit¬ 
tle evident, although certain Acrididae 
were to be found in the dry eampo, in 
open woods and the tall cover of wet 
pantanal—in the latter of the elongate 
type adopted for clinging close to a 
stem. A rough and shagreenous grass¬ 
hopper of the genus Ommexecha pre¬ 
ferred the dry ground of roads and 
trails, while equally protectively colored 
Diedronotus hopped among the fallen 
twigs of bush cover. The strange pros- 
copid grasshopper Cephalococma, which 
in its elongate form superficially suggests 
the walking-stick phasmids, was occa¬ 
sionally encountered in low bush, which 
also is the preferred habitat of many of 
its near relatives. 

We have heard of the plan for keeping 


parts of Africa as permanent preserves 
to show the future what Africa was when 
white men came—how truly it is the 
Pleistocene carried on into our day. 
There is no fauna, except possibly that 
of Australia, more unique and distinc¬ 
tive than that of the Neotropical region. 
There are few places where this strange 
and ancient life remains as little dis¬ 
turbed and as readily seen as on the 
pantanal of the upper Paraguay. It is 
perhaps hoping too much that efforts 
may be made to conserve some of this 
wild land before the interesting mam¬ 
mals and birds, as well as other forms 
of the more conspicuous life, have been 
reduced to the vanishing point. 

In the pantanal of the Paraguay we 
truly have the Neotropical vertebrate 
fauna more fully and abundantly repre¬ 
sented, and by its most distinctive types, 
than in any single area of the lowland 
forests of South America. 
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A striking instance of the develop¬ 
ment of mathematics by the common 
people is the adoption of our common 
number system to the base 10. This is 
commonly assumed to be due to the fact 
that in early times people counted by 
means of their fingers and hence it has 
apparently no connection with the suit¬ 
ableness or the unsuitableness of the 
number 10 for this purpose. It is neces¬ 
sary to bear in mind the influence of 
the common people in the development 
of mathematics in order to explain such 
recent observations as the following: “I 
have tried, in other fields, to show the 
incredible confusions, of which the whole 
world is now one seething example, that 
followed from the invention by the 
Hindu mathematicians of negative quan¬ 
tities, and their justification from their 
analogy to debt.” 1 

A part of these confusions are due to 
the fact that when negative numbers are 
used we have to admit that the ratio of a 
smaller number to a larger number can 
be the same as the ratio of a larger num¬ 
ber to a smaller one, as results from the 
equation -1/1 = 1/ -1. We have also to 
admit that a number can be less than 
zero, and hence that there are things 
which can be regarded as less than 
nothing. It is clear that as long as only 
positive numbers were used it seemed 
logical to say that the ratio of a smaller 
number to a larger one is always less 
than the ratio of a larger to a smaller, 
and that zero is the lower limit of the 
real numbers. Mathematicians naturally 
abandoned these views reluctantly, and 
even during the latter part of the eight- 

1 F. Soddy, ‘ * The Interpretation of the 
Atom,” preface, 1932. 


eenth century there were some who 
argued that the use of negative numbers 
should be abandoned, since they seemed 
to lead to erroneous conclusions. The 
people, however, continued their use in 
view of the many advantages which this 
use presented, notwithstanding the fact 
that a clear theory of these numbers was 
then still lacking. 

The use of negative numbers preceded 
a satisfactory theory thereof by many 
centuries and it now seems unlikely that 
the Hindu mathematicians contributed 
anything towards the establishment of 
this use in Europe. It is more probable 
that the European mathematicians began 
to use these numbers independently and 
later developed a theory which justifies 
this use. The Hindu mathematicians, 
however, deserve the credit of having 
used these numbers before they are 
known to have been used elsewhere, but 
their work along this line is not known 
to have had any effect on the later de¬ 
velopments by the Europeans. In par¬ 
ticular, the Arabs, who transmitted 
much of the early mathematical knowl¬ 
edge to Europe, did not adopt the nega¬ 
tive numbers of the Hindus. In a cer¬ 
tain sense negative numbers forced 
themselves on the attention of mathe¬ 
maticians in view of the simplifications 
which their use made possible and they 
therefore present a very interesting 
feature of the development of our sub¬ 
ject. 

It is well known that the ancient 
Greek philosophers at first considered it 
desirable to restrict the number concept 
to positive integers which exceed unity, 
as is illustrated by the following defini¬ 
tion: “A number is a multitude of 
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units.” 2 This view was supported by 
such eminent philosophers as Plato and 
Aristotle. Notwithstanding the emi¬ 
nence of its supporters, it was gradually 
abandoned by various Greek writers 
who found it convenient to include 
unity among the numbers even if it 
has fundamental characteristic proper¬ 
ties which led many others to regard 
it as the source of all numbers but 
not as itself a number. In particular, 
Theon of Smyrna (about 130 a.d.) as¬ 
serted that unity is not a number, but 
soon thereafter he included it among 
the odd numbers as well as among the 
natural numbers. 

This inconsistency on the part of 
Theon of Smyrna is typical of certain 
mathematical developments relating to 
questions in regard to which eminent 
authorities pointed one way and actual 
applications by the common people ex¬ 
hibited an easier way from the stand¬ 
point of these particular applications. 
Not only did unity thus secure an en¬ 
trance into the number concept, but this 
concept had to be extended so as to admit 
the rational fractions, the irrational 
numbers, zero, the negative numbers, 
and finally the complex numbers. In 
fact, unity and the rational fractions 
had been accepted as actual numbers 
long before the ancient Greek philoso¬ 
phers endeavored to exclude them for 
the sake of securing thereby a simpler 
philosophical theory. The development 
of mathematics has frequently been domi¬ 
nated by the use made of it by the com¬ 
mon people and not by the theoretical 
considerations advanced by the philoso¬ 
phers. The theory had at times to 
accommodate itself to the uses, since the 
uses failed to accommodate themselves 
to the proposed theory. 

The late Felix Klein (1849-1925) ex¬ 
pressed the influence of some such uses 
in the following words: “We have re¬ 
peatedly emphasized what an important 

* Book YU, Euclid ’s “Element*.” 


part in the development of the science 
has been played by the algorithmic proc¬ 
ess, as a quasi-independent, onward- 
driving force, inherent in the formulas, 
operating apart from the intention and 
insight of the mathematician, at times, 
often indeed in opposition to them. In 
the beginnings of the infinitesimal cal¬ 
culus, as we shall see later on, the 
algorithm often forced new notions and 
operations, even before one could justify 
their admissibility. Even at higher 
levels of the development, these algorith¬ 
mic considerations can be, and actually 
have been, very fruitful, so that one can 
justly call them the groundwork of 
mathematical development. We must 
then completely ignore history, if, as is 
sometimes done to-day, we cast these cir¬ 
cumstances contemptuously aside as 
mere formal developments.” 3 

The algorithms connected with the 
solution of the algebraic equation consti¬ 
tute one of the clearest illustrations of 
these remarks. Some writers have ex¬ 
pressed the view that even the ancient 
Babylonians, about 2000 B. C., observed 
that some quadratic equations have two 
roots, and hence that equations which 
explicitly involve only one unknown may 
actually involve more than one. No in¬ 
stance is, however, yet known where it 
was explicitly stated before the begin¬ 
ning of the Christian era that a given 
algebraic equation is satisfied by more 
than one number and hence may yield 
more than what was explicitly put into 
it. While the ancient Babylonians 
solved certain quadratic equations ac¬ 
cording to the modern formulas and 
made some progress in the solution of 
cubic equations these algorithms re¬ 
mained fruitless as regards the extension 
of the number concept not only in their 
hands but also in the hands of the an- 

* * * Elementary Mathematic® from an Ad¬ 
vanced Standpoint.” Translated into English 
from the German by Professors E. B. Hedrick 
and C. A. Noble r University of California, Vol. 
1, page 79, 1932. 
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cient Greeks during their golden period 
of mathematical development at the time 
of Euclid, Archimedes and Apollonius. 

The first fruits as regards the exten¬ 
sion of the number concept to which the 
solutions of quadratic and cubic equa¬ 
tions contributed largely relate to the 
irrational and the negative numbers. It 
has recently been established that the 
theory of the former, which was devel¬ 
oped by Eudoxus (about 410-356 b.c.), 
differs only formally from the modern 
theory, commonly known as the Dede¬ 
kind cut. This theory has a remarkable 
history, since it constitutes probably the 
only instance in the history of mathe¬ 
matics where a sound doctrine was 
abandoned for two millenniums because 
it was opposed by one man. In the 
present case it was Aristotle who used 
his strong influence so successfully in 
opposition to what appears to us now as 
a satisfactory doctrine of irrational 
numbers, but his influence could not 
deter the common people from using 
these numbers without a satisfactory 
theory therefor, just as they used nega¬ 
tive numbers for a long time before the 
development of a satisfactory theory 
relating thereto. 

The late H. PoincarS stated in an 
address read at the Rome interna¬ 
tional mathematical congress, 1908, that 
“mathematics is the art of giving the 
same name to different things .’ 7 For 
instance, the number concept originated 
from the counting of similar objects, but 
it was extended in prehistoric times to 
the counting of dissimilar ones, as is 
illustrated by the fact that in the ancient 
Egyptian Rhind Mathematical Papyrus 
(between 1788 and 1580 b.c.) such 
different objects as houses, cats, mice, 
etc., are added and that a special word 
for the abstract unit appears therein. 
This primitive counting origin of the 
number concept is very different from 
the modern concepts of irrational and 
complex numbers, which have no direct 


connection with counting. If the ques¬ 
tion is asked why the mathematician 
uses the same name for such different 
concepts and thus in a certain sense has 
brought “incredible confusions” into 
his subject, it should be noted that the 
confusions would have been still greater 
if he had failed to follow here the prag¬ 
matism of the common people. The 
common properties of the different kinds 
of numbers have been found to out¬ 
weigh their diversities in actual applica¬ 
tions. This was not the discovery of a 
few men, but the resultant of tendencies 
which were frequently conflicting and 
denounced. 

The philosophers have done much to¬ 
wards establishing order in mathemat¬ 
ics, but they have been most successful 
when they followed the lead of the com¬ 
mon people. When they tried to limit 
the number concept, as the ancient 
Greeks did, they hampered the onward 
march of mathematical progress instead 
of contributing thereto. It is only natu¬ 
ral that the devotees of this subject have 
at times been perturbed as regards its 
future. Already in 1869 H. Hankel was 
led to compare mathematics with the 
Tower of Babel because the mathemati¬ 
cians speak such different languages, 
and in an addendum to his well-known 
“Erlanger Programm,” Felix Klein re¬ 
marked that the extensive confusion of 
languages in mathematics appears to 
have a serious but undesirable tendency 
towards the self-blocking of all mathe¬ 
matical progress. Fortunately, such 
unifying and clarifying notions as func¬ 
tions and groups tend to simplify the 
mathematical language and also to em¬ 
body experiences of the common people. 

The ancient Greek term “geometry,” 
which is etymologically equivalent to our 
modern term surveying, exhibits that the 
practical needs of the common people 
contributed towards the development of 
this large branch of mathematics. Re¬ 
cent discoveries relating to ancient 
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Babylonian mathematics show that the 
intellectual needs of these people made 
themselves felt in very early times, since 
they include geometric problems which 
seem to imply a knowledge of the so- 
called Pythagorean theorem long before 
Pythagoras was born. In fact, the old¬ 
est extant Babylonian mathematics is 
largely pure mathematics and shows that 
the mathematical interests of the people, 
even in those early times, were in¬ 
spired by a desire to understand the 
nature of imaginary situations which 
are not likely to arise in practical life, 
including the use of such a large number 
as 195 955 200 000 000 = 60 8 +10.60 7 . It 
is a great mistake to assume that the 
common people have been interested 
only in applied mathematics. The his¬ 
tory of the pre-Grecian civilizations 
seems to imply that they were, however, 
not much interested in rigorous proofs 
according to modern standards. 

The most important difference be¬ 
tween the mathematics of the common 
people and that of the philosophers is 
that the former is based upon implied 
postulates, which are not necessarily in¬ 
dependent, while the latter employs ex¬ 
plicit postulate systems and aims to 
reduce the number of the postulates to a 
minimum. In both cases the correctness 
of the results depends upon the correct¬ 
ness of the postulates, and in both cases 
the confidence in the correctness of 
these results has the effect of producing 
a feeling that eternal truths are under 
consideration. The geometric develop¬ 
ments of Euclid’s ‘ * Elements/ ’ which 
are explicitly based upon a system of 
postulates, inspire no more confidence 
than the table of tinit fractions which 
appears in the older Rhind Mathemati¬ 
cal Papyrus, where no such system ap¬ 
pears. The modern student of elemen¬ 
tary mathematics who is inclined to 
reflect on the nature of these courses 
may be helped by bearing in mind that 
both the common people and the philoso¬ 


phers have had a share in providing the 
mathematical material with which he is 
confronted. 

With the advent of printing mathe¬ 
matics as well as the other sciences be¬ 
came more and more enslaved to books, 
and the development of mathematics 
became more and more largely confined 
to those who studied these books. With 
the increase in the number of available 
books cooperation in the advancement of 
our subject became more efficient. One 
type of cooperation is represented by 
the mathematical societies, and it is 
interesting to note that the common 
people took an active part in the early 
organization of such societies. The old¬ 
est of these which has survived through 
more than two centuries is the “Mathe- 
matische Gesellschaft zu Hamburg,” 
organized in 1690. During the first hun¬ 
dred years of the existence of this 
society the most learned mathematicians 
of those times failed to join it, so that 
its membership was composed largely of 
common school teachers, bookkeepers, 
merchants, etc. The great advances 
made during this period in the develop¬ 
ment of analytic geometry and the cal¬ 
culus were not due to members of this 
society and were not promulgated by 
them. 

A noted early English mathematical 
society was founded at Spitalfields in 
1717 and was taken over by the Royal 
Astronomical Society in 1845. This 
was at first little more than a working¬ 
man’s club at which questions of mathe¬ 
matics and natural philosophy were 
discussed every Saturday evening. 
Each member present at a meeting was 
entitled to a pint of beer at the common 
expense, and it was the duty of every 
member who was asked a mathematical 
or philosophical question by another 
member of the society to answer the 
question to the best of his ability. The 
society accumulated a valuable library 
and its rooms became headquarters for 
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lectures on various scientific subjects. 
While it later included among its mem¬ 
bers some of the leading English mathe¬ 
maticians it is mainly interesting in the 
present connection in view of the fact 
that it was organized by the common 
people and exhibits the influence of these 
people on early organizations of mathe¬ 
maticians. 

The secondary base 60 which appears 
in our tables relating to the measure¬ 
ment of time and of angles can be most 
easily explained in accord with the 
known historical facts by assuming that 
the ancients selected it in order to assist 
the common people to avoid the use of 
common fractions. The numbers i, 
i , £, were commonly represented by 
the ancient Babylonians by 30, 20, 15, 
12, 10, respectively. The primary base 
10 is not well suited for the avoidance 
of common fractions, since even i and •£ 
do not appear as integers when this base 
is used. It is a very singular fact that 
the ancients failed to employ a symbol 
corresponding to our modern decimal 
point, which enables us now to avoid the 
use of common fractions. While every 
real number can be represented as an 
infinite decimal number, comparatively 
few of them can be represented as a 
finite decimal. Those which can be thus 
represented are, however, of special his¬ 
toric and practical interest. They ob¬ 
viously are equivalent to the common 
fractions whose denominators involve 
only powers of 2 and 5. The base 60 is 
much better adapted than the base 10 
for the avoidance of common fractions, 
but even ^ does not correspond therein 
to a finite integer when the point corre¬ 
sponding to our decimal point is omitted. 
Hence the modern student of mathe¬ 
matics naturally finds it difficult to 
explain the extensive use of the base 
60 in ancient times and its persistence 
in our modern tables. Such difficulties 
point, however, to the influence of the 
common people on the development of 


our subject and provide material for 
harmonizing hypotheses. 

One of the noteworthy features of the 
development of mathematics is that it 
has restricted the field of the puzzles, 
which have always interested the com¬ 
mon people. The Indian mathematician 
Brahmagupta (born 598) is said to have 
remarked near the end of his algebra 
that “as the sun obscures the stars so 
does the proficient eclipse the glory of 
other astronomers in an assembly of 
people by the recital of algebraic prob¬ 
lems, and still more by their solution.” 
The hau or “alia” problems of the 
Rhind Mathematical Papyrus have some¬ 
times been called puzzle problems, and 
it is probable that they were at first 
regarded as such, but they now may be 
regarded as linear equations in one un¬ 
known and hence they come under a 
well-known general algebraic theory. The 
first of these is problem 24 and reads as 
follows: “A quantity and its | added 
together become 19. What is the quan¬ 
tity?” The puzzles presented by indi¬ 
vidual problems cease to be puzzles 
when it is recognized that they come 
under general theories and hence the 
development of mathematics tends to¬ 
wards the eradication of various puzzles 
which were sufficiently elementary to 
interest the common people. 

While the sense of discovery has 
probably always furnished one of the 
most forceful inspirations for mathe¬ 
matical study, the growth of the mathe¬ 
matical literature naturally tends to 
make it more and more difficult to deter¬ 
mine whether these discoveries are 
actually new and are not involved as 
special cases of a general theory. The 
common people are thus deprived more 
and more of the incentive furnished by 
the feeling that they can make actual 
contributions towards the advancement 
of mathematical knowledge. This is 
probably not the most serious obstacle 
towards the maintenance of their keen 
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interest in mathematics. The feeling 
that they might be regarded as ignorant 
if they expressed their views to those 
who enjoyed better advantages to be¬ 
come acquainted with what is well 
known is probably a more serious de¬ 
terrent factor on the keen interest of 
the common people in advancing science. 
The difficulties involved in securing the 
necessary knowledge to understand the 
nature of the modem developments in 
comparatively new fields are naturally 
viewed with some misgivings by those 
who realize that the effectiveness of 
scientific knowledge depends largely 
upon a wide-spread understanding and 
use thereof. This is especially true of 
such a basic and abstract science as 
mathematics aims to be. 

The influence of the common people 
on the adoption of tables of weights and 
measures and on the problems of com¬ 
mercial arithmetic is noteworthy. The 
Liber Abbaci (1228) of Leonardo of 
Piso is one of the most favorably known 


early works in which commercial prob¬ 
lems receive much attention. The date 
of this work presents an unusually in¬ 
teresting question as regards the impor¬ 
tance of being acquainted also with the 
secondary sources of historical informa¬ 
tion. The date on the extant MS is 
1202 and the histories of mathematics 
which are now most widely used in our 
country give this date notwithstanding 
the fact that it has been proved that it 
can not be correct. The question is con¬ 
sidered in particular, near the beginning 
of volume 2, M. Cantor’s noted “Vor- 
lesungen liber Geschichte der Mathe- 
matik.” It is, therefore, useless to cite 
the original source, as is sometimes done, 
to justify the use of the date 1202 for 
this particular work, and in this par¬ 
ticular case it is more important to be 
familiar with the secondary sources of 
information than with the original, 
although the contrary is probably more 
commonly true if one can be acquainted 
with only one of these sources. 
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Soil science, as an independent disci¬ 
pline, is of rather recent origin as com¬ 
pared to other branches of knowledge. 
Before 1870 the study of soils was only 
more or less incidental in various other 
fields, such as chemistry, botany and 
geology. As geology became an estab¬ 
lished discipline with a growing body of 
information regarding the nature of 
rocks and with methods for studying 
rocks and their weathering products, 
scientists in this branch took some in¬ 
terest in soils. Many of these studies 
were fruitful, provided that they were 
confined to a small area; that is, in an 
area having essentially uniform climate, 
vegetation, age and relief, any differ¬ 
ences in parent rock would frequently 
give rise to differences in soils. But 
these differences were difficult to inter¬ 
pret in terms of native or cultural 
plants. 

It was observed that if a section were 
made through any soil it is made up of 
several layers, or horizons, called, col¬ 
lectively, the soil profile. And unlike the 
layers in a body of sediments, a genetic 
relationship exists between the horizons 
of the profile: they evolved together. It 
was further observed that whereas rocks 
occurred quite promiscuously all over 
the world, soil types were limited to 
rather definite geographical areas. Thus, 
for example, the Podzols, the Chernozems 
and the Laterites were found only in 
certain distinct climatic and biological 
regions. With the recognition of this 
definite element of geographicity of soils 
came the conception of soil as an inde¬ 
pendent natural body. The naturalist 
was now in a position to study the soil 
from an entirely scientific point of view 


without being restricted to practical in¬ 
vestigations. Thus a new discipline 
arose about 1870—pedology. 

Prom a consideration of this principle 
of geographicity there follow several im¬ 
portant deductions regarding the in¬ 
fluences in operation during the genesis 
of a soil. As the chief factors of climate 
are rainfall, temperature and relative 
humidity, it will be obvious that these 
influence the amounts of various chemi¬ 
cal elements and compounds in the soil; 
and further, that any influences which 
bear upon these climatic factors will be 
reflected in the soil. For this reason it 
is clear that soils will be influenced by 
vegetation and relief which modify the 
conditions of moisture and temperature. 
And, as the process is essentially one of 
evolution, time will be important. As 
the cooling and moistening of the sur¬ 
face depend somewhat upon the nature 
of the underlying rocks, and as extremes 
in chemical and mechanical composition 
of the rocks will influence the salts in 
the soil, it is clear that the parent rock 
will need consideration. A graphic illus¬ 
tration of these factors could be shown 
thus: Soil = f (Climate, Vegetation, Re¬ 
lief, Age, Parent Rock). 

The Development of Parent Material 

The first step toward the development 
of a soil is the accumulation of parent 
material. Weathering proceeds under 
the influence of physical and chemical 
forces. The action of wind, moving 
water, ice and temperature changes act 
to disintegrate large masses of rocks. 
Under the chemical influence of water, 
carbonic acid and oxidation-reduction 
reactions the chemical composition of the 
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rocks is altered. Of course, some of 
these actions are going on in the soil, but 
here they are merged with other forces 
of greater magnitude. These chemical 
changes during weathering are quite 
similar under different climatic regimes, 
but external differences, especially tem¬ 
perature, determine the rate and the 
direction of the reactions. 

The greatest mass of the mineral mat¬ 
ter in rocks is composed of silicates and 
alumino-silicates. Such rocks as lime¬ 
stones contain, of course, the alkaline 
earth metals in the carbonate form, but 
most of the cations ( i.e ., ions having a 
positive charge) exist in the rocks com¬ 
bined with silicic and alumino-silicic 
acids. Under the weathering processes 
these salts are hydrolyzed to form the 
alumino-silicic acid and the carbonate of 
the cation, thus: 

K s O • AljO, • 6SiO + 3H 2 0 -» 

2KOH + 2H a O . Al a O,. 2SiO a + ±SiO a 
2KOH + H a CO, £,00, + 2H a 0 

The carbonates of iron and manganese 
are unstable and decompose to the 
oxides. By various interrelations many 
anions and cations combine to form 
other salts, such as sodium chloride, 
potassium sulfate and a host of com¬ 
pounds varying greatly in solubility. 
These are removed or are accumulated, 
depending upon the degree of moisten¬ 
ing and the position of the water table. 
The weathering process goes on under 
essentially sterile conditions and should 
in no sense be confused with the forma¬ 
tion of soil. 

The Genesis of Soil 

Some time after, the accumulation of 
parent material there is an introduction 
of living matter. As respects soil, liv¬ 
ing matter presents two different 
aspects: (1) synthesis and (2) decom¬ 
position. For the purposes of general 
consideration there are two great groups 
of plants which synthesize organic mat¬ 


ter, grasses and trees. Of those which 
decompose organic matter there are: (1) 
the higher animals, (2) anaerobic bac¬ 
teria, (3) aerobic bacteria and (4) ftingi. 

The optimum conditions for the 
growth of these several classes of organ¬ 
isms vary widely between classes. Fur¬ 
ther, the different classes of micro¬ 
organisms which decompose organic 
matter give rise to quite different prod¬ 
ucts. (Of course, the ultimate end 
products, where the processes go to com¬ 
pletion, would be essentially the same: 
namely, carbon dioxide, water and ash; 
but the products found in the soil at 
any moment are quite different.) The 
organic acids, and their salts, produced 
through the activity of fungi, are quite 
soluble; while those resulting from bac¬ 
terial action are relatively insoluble. 
Thus the two classes of micro-population 
have entirely different influences in the 
development of soil. 

Before examining the influence of a 
biological community in the development 
of soil the nature of the colloids in the 
soil should be briefly considered. These 
colloids, which have been called the 
“ protoplasm of the soil,” are of two 
general types: (1) the inorganic, which 
constitute the fine portion of the clay, 
are made up of alumino-silicates result¬ 
ing largely from the partial weathering 
of the feldspar minerals; and (2) the 
organic, which are chiefly composed of 
lignin and result from the decomposition 
of organic matter. These colloids ab¬ 
sorb cations by the ordinary base ex¬ 
change reaction, according to the relative 
concentration of the various cations 
present; and their properties vary enor¬ 
mously, depending upon which cations 
are absorbed. There are three principal 
types which may be designated as the 
hydrogen-colloid, the sodium-colloid and 
the calcium-colloid. In the absence of 
flocculating electrolytes the hydrogen- 
colloid is acid and easily dispersed into 
colloidal suspension; the sodium-colloid 
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is highly alkaline and is the most easily 
dispersed; while the calcium-colloid is 
mildly alkaline and remains in a floccu¬ 
lated state. Obviously, the first two can 
be easily leached from the surface soil, 
while the calcium-colloid will not be so 
leached. These mobile colloids may be 
flocculated in a lower horizon giving rise 
to a layer high in its percentage of clay. 
Such a layer, called the “B” horizon, is 
frequently indurated into a sort of sand¬ 
stone in the case of the Podzol. 

The Soil-building Processes 

Depending upon the nature of the 
environment, there are three principal 
types of soil formation—calcification, 
podzolization and laterization. The cal¬ 
cification process is maintained under 
conditions of restricted rainfall. There 
is some leaching, but not enough to re¬ 
move the carbonates of the alkaline earth 
metals and they accumulate in some 
horizon of the soil profile. The vegeta¬ 
tion consists of grasses, or grass-like 
plants, which are heavy feeders on the 
bases, especially calcium. The promi¬ 
nent organisms are bacteria. 

Under such conditions the plants 
bring bases from the lower to the sur¬ 
face soil in such large amounts that the 
colloids, both organic and inorganic, re¬ 
main flocculated. The products from 
the decomposition of the organic matter 
by bacteria are relatively insoluble and 
remain in the upper part of the soil. It 
might be added then that this soil proc¬ 
ess conserves those elements considered 
as essential for the growth of crop 
plants. In the accompanying sketches 
are shown two important examples of 
soils developed under such conditions— 
the Chernozem and the Sierozem. The 
Chernozem is developed under conditions 
of sufficient moisture to give a luxuriant 
grass vegetation with the accumulation 
of a large amount of organic matter, 
while the Sierozem approaches the desert. 
Intermediate between these two are the 


Brown soils. The great wheat lands of 
the Americas and of Russia are found 
on the Chernozem and Brown soils. 

The podzolization process of soil for¬ 
mation is dominant throughout the hu¬ 
mid regions but especially in the more 
northern part. Here there is sufficient 
moisture to remove the soluble salts, both 
of the alkali and of the alkaline earth 
metals, completely from the soil. The 
chief vegetation is forest and the most 
prominent organisms are fungi. Forests 
are not as heavy feeders on bases as are 
grasses. In this respect there is a great 
difference between the coniferous trees 
and the deciduous trees. The conifers 
feed very lightly on bases, shed their 
leaves slowly and, due to their resinous 
nature, these leaves and twigs decompose 
more slowly than do those of the decidu¬ 
ous forest. Because of the toxic action 
of the tannins from the trees on bacteria 
and because of the low content of bases 
the fungi are more prominent and the 
products of the decomposition of the 
organic matter are relatively soluble. 

As the trees do not furnish enough 
bases to the surface of the soil for the 
complete neutralization of the carbonic 
acid dissolved in the rain water, the base 
exchange colloids, both organic and inor¬ 
ganic, become saturated with hydrogen. 
In this condition the colloids are easily 
dispersed and are leached downward 
into the lower horizons of the soil profile. 
Further, the iron appears to be in the 
reduced form near the surface in the 
presence of the organic anions ( i.e ions 
having a negative charge) resulting 
from the decomposition of the organic 
matter. This reduced iron moves down¬ 
ward in true solution, but as it passes 
out of the influence of the soluble or¬ 
ganic matter it is oxidized and precipi¬ 
tated in the lower horizons. 

Thus in the case of the Podzol de¬ 
veloped under extreme podzolization, 
an entity entirely different from the 
Chernozem is produced, even from the 
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identical parent material. The surface 
of the Podzol has been impoverished of 
bases, nitrogen and colloids. The soil is 
highly acid throughout. Almost nothing 
but silica remains in the white, leached 
horizon near the surface, while a more 
dense horizon in which iron and alumina 
have accumulated underlies it. Natu¬ 
rally, such a soil is considered infertile 
for the ordinary plants cultivated for 
human food, even though it supports 
well a native vegetation that has evolved 
with the soil. 

The great soil zone immediately south 
of the Podzol has been, until recently at 
least, the most important since the days 
of the old Roman Empire. Our present 
western civilization is largely developed 
on these Gray-Brown Forest soils. The 
climate is similar to that of the Podzol, 
except for the higher temperature. The 
forest is chiefly of deciduous trees. As 
the leaves are shed every year there is a 
greater mass of material deposited on 
the soil from these plants than from the 
coniferous trees; and further, the de¬ 
ciduous trees are heavier feeders on the 
bases, especially calcium, than are the 
pines and spruces. Thus, more bases are 
returned to the surface of the Gray- 
Brown Forest soils and they do not be¬ 
come as highly acid as do the podzols. 
Although these soils are developed under 
the same podzolization process, it is less 
intense and the surface horizons contain 
more organic matter and more nutrient 
elements. The soils are, of course, much 
less fertile for most crop plants than the 
Chernozem, but more fertile than the 
Podzol. 

The laterization process, peculiar to 
the Laterite soils, is Operative under the 
extreme moistening and high tempera¬ 
tures of the tropical climates. The 
weathering process under which the par¬ 
ent material accumulates is very intense. 
The hydrolysis of the minerals goes on 
very rapidly, such that the solution 
around the individual particles of min¬ 


eral is neutral or slightly alkaline in 
reaction. Further, the vegetation grows 
and decomposes very rapidly, bringing 
bases to the surface in large amounts. 
Under the influence of this alkaline re¬ 
action the silica becomes soluble, espe¬ 
cially the silica of the alumino-silicic 
complexes. But the iron and alumina 
are resistant and remain. Hence there 
is developed a parent material for soil, 
consisting largely of iron oxide and 
alumina with quartz silica, manganese 
and resistant compounds of less impor¬ 
tance. After hydrolysis has gone nearly 
to completion, the bases are so depicted 
that further weathering results in an 
acid reaction in the soil. As soon as the 
soil becomes acid the podzolization proc¬ 
ess becomes impinged upon the material 
accumulated through laterization. 

There may be said to be 13 of these 
great soil zones, of which 4 of the most 
important are shown in accompanying 
sketches. Each of these has developed 
under a particular set of conditions of 
climate, vegetation and relief. Further 
subdivisions within the group exist as a 
result of differences in age and parent 
material. 

The Biological Complex 

In the study of any phase of the land¬ 
scape—plants, soil or animals—it is of 
the utmost importance to appreciate that 
the landscape has evolved as a whole. 
The present state of any soil, or of any 
other part of the landscape, represents 
an equilibrium between many forces. It 
is continually moving—dynamic. Any 
change in climate or vegetation immedi¬ 
ately upsets the biological equilibrium 
and the system starts moving in the 
direction of another equilibrium point. 
Although the climate and vegetation are 
the most directly noticeable and, in gen¬ 
eral, the most commonly important 
phases of this biological complex of 
which the soil is a part, many less ob¬ 
vious features are important and may 
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Profile 

A very thin organic 
layer lies on top of 
gray leached soil 
which is over a 
dark brown hori¬ 
zon. 

A rather thin or¬ 
ganic layer lies 
over grayish-brown 
leached soil which 
is over a brown 
horizon. 

Black soil, grading 
into a whitish cal¬ 
careous horizon. 

Grayish soil, grad¬ 
ing into lighter cal¬ 
careous material. 

Vegetation 

Coniferous forest 

Deciduous forest 

Tall grass prairie 

Short grass and 
desert plants 

Climate 

Cool 

Moist 

Temperate 

Moist 

Temperate to cool 
Semi-arid 

Temperate to cool 
Arid 

Fertility (crop 
plants) 

Low 

Medium 

Very high 

Medium to high if 
irrigated 


Sketches of the Profiles of Four of the Great Soil Groups . These sketches show the great 
differences in the profile character of mature soils in equilibrium with different biological com¬ 
plexes and developed from identical parent material. Each section is 54 inches in depth. 


change the entire procedure. Itasca farms. Since the wolves were the natu- 

Park in Minnesota can be cited as an ral predators of the beavers and the 

example: This area was set aside by law deer, these latter species have accord- 

to remain in the “natural state.’’ The ingly increased enormously. Competi- 

destructive works of fire and man were tion for food among the animals has 

to be controlled and the area allowed to resulted in the destruction of the aspen 

develop in a natural way as an example trees near all the lakes and streams by 

of the normal biological complex of the the beavers and of the young pine repro¬ 
region. It was thought expedient, how- duction by the deer. Such a change in 

ever, to destroy the wolves, which prey, vegetation has also, of course, upset the 

not only upon the animals in the park, normal soil development in the area, 

but also upon the live sitock of nearby This case has been mentioned merely to 
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illustrate the delicate balance which ex¬ 
ists between various parts of the biologi¬ 
cal complex—the whole is one evolution¬ 
ary complex. 

Man himself is a part of this complex. 
Obviously man's activities upset the 
conditions which would exist in his ab¬ 
sence. But if man is considered as any 
other organism, adjusting himself to his 
environment as best he can, then man is 
in a position fundamentally like that of 
any other organism of the complex. 
Considered in this light, the changes 
made by man are normal changes. 

Of great importance to man are the 
adjustments which he himself makes 
according to the biological complex in 
which he finds himself. That the folk 
songs and other cultural attributes of 
man bear a direct relationship to the 
landscape in which they are developed is 
well known. In man's struggle for food 
and shelter, adjustments of far-reaching 
social consequences are made. Those 
plants which are grown for human food 
and for the food of domestic animals are 
rather limited. Naturally those plants 
and animals which most nearly approach 
the native organisms that formed a part 
of the biological complex will develop 
the best. The cereals may serve as an 
example. These grass-like plants are 
similar to the native grasses of the Cher¬ 
nozem, but they are very unlike the for¬ 
est, especially the coniferous forest of 
the Podzol zone. It is said, therefore, 
that the Chernozem soils are more fertile 


than the Podzol soils. This is true only 
in respect to certain plants. Certain 
other plants, such as pine trees, find 
their best (most fertile) soil among the 
Podzols. Each of the great soil zones is 
most fertile for certain plants. But the 
plants which man raises for food are, 
for the most part, quite unlike those 
native to the Podzol, Gray-Brown Forest 
and several other of the great soil zones. 
Man must then alter the soil which is 
fertile for pine trees in order to grow 
other plants which he wants. But he 
need only plow the ground in the Cher¬ 
nozem and Brown soil zones. Other com¬ 
parisons of like nature could be made 
regarding domestic animals and wood 
for fuel and shelter. As a result man 
constructs quite different economies and 
quite different social structures on the 
various soils. 

It is, therefore, of the greatest impor¬ 
tance that soil be recognized as one of 
the factors in the biological complex and 
studied from that point of view. It is a 
natural entity in itself, having its own 
special morphology and dynamic, and 
developing with the landscape of which 
it is a part. These various soil entities, 
produced through the sum total of the 
climatic and biological forces impinged 
upon them, have certain possibilities and 
certain limitations for the development 
of man. Like any other part of the com¬ 
plex man contributes an influence upon 
the complex and also he is fundamen¬ 
tally influenced by it. 



THE DISPLAY OF WALLACE’S STANDARD¬ 
WING BIRD OF PARADISE IN 
CAPTIVITY 


By Dr. HERBERT FRIEDMANN 1 

CURATOR OF ORNITHOLOGY, U. S. NATIONAL MUSEUM 


When one finds a bird of unusual 
plumage combinations, very plain save 
for a localized brilliance of color or 
singularity of plume, the question arises 
as to how the bird utilizes its peculiari¬ 
ties in its display. It is obvious that 
the display is the chief, if not the only, 
opportunity for use of such characters 
as elongated plumes, bright gorgets, etc. 
Among all the birds of the world none 
are more abundantly supplied with 
plumage modifications of a purely dis¬ 
play type than the birds of paradise, 
and among these remarkable creatures 
none is more bizarre or aberrant than 
Wallace’s standard-wing. 

The male Wallace’s standard-wing is 
a dull earth-brown bird with a large 
brilliant emerald green pectoral gorget 

1 Published by permission of the secretary of 
the Smithsonian Institution. 


extended into a free V-shaped apex 
about five or six inches long on either 
side, and, with two peculiar, whitish, 
narrow-webbed and terminally spatu- 
lated, erectile feathers on the upper sur¬ 
face of the carpal angle of each wing. 
(Fig. 1.) The female lacks the green 
gorget and the whitish plumes, and is 
wholly dull earth-brown. The species is 
extremely rare in captivity, and, as 
much of our knowledge of the displays 
of birds of paradise is based on obser¬ 
vations of caged birds, it follows that 
little is known of the courtship poses of 
the present species. In fact, a search 
through the literature has failed to re¬ 
veal a description of the display antics 
of Wallace’s standard-wing. 

The National Zoological Park in 
Washington is fortunate in possessing 
a splendid male of the Halmahera race 
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of Wallace’s bird of paradise ( Semiop - 
tera wallacei halmaherae ). This bird, 
which has lived there now for about two 
years and which is in good health and 
perfect plumage, was recently observed 
displaying. Mr. E. P. Walker, assistant 
director of the park, who was with me 
at the time, was as much surprised as I 
to see the way in which the bird dis¬ 
played. I made several subsequent visits 
to the bird to get more detailed notes, 
and accelerated its activity by bringing 
with me a skin of a female and of an¬ 
other male from the museum and dis¬ 
playing them to the captive. Later Mr. 
R. Bruce Horsfall, artist of Nature 
Magazine , went out to the park with me 
and made the sketches which illustrate 
this paper. I am greatly indebted to 
Mr. Horsfall for his kindly cooperation. 

My notes on the display may be sum¬ 
marized as follows. 

The first indication of approaching 
display is a change in the posture of the 
bird. Instead of sitting in the usual 
semi-erect pose, it bends over forward 
or heads down a branch so that its head 
is lower than its body; sometimes even 
lower than its feet. (Fig. 2.) Then it 
gives a few harsh, rasping tscharrrr 
notes in rapid succession; then flaps its 
wings three or four times rapidly, the 
wings not more than half open at any 
time in the flapping. (Fig. 3.) After 
a few such wing beats, which, if the bird 
were sitting upright, would be quite 
comparable to the first beats of a 
grouse’s wings (Bonasa umbellus) when 



Fig. 2. Bending forward; wings slightly 

ARCHED 



Fig. 3. Beginning of usual display; 

WINGS VIBRATING ; CARPEL PLUMES ERECTED. 


starting to drum, the bird suddenly 
holds the wings arched horizontally, and 
the entire body then quivers or vibrates 
for a fraction of a second. (Fig. 4.) 
The wings are held so that they may 
actually touch (or nearly so) at the 
wrists. The elongated white carpal 
plumes arc erected with the first rapid 
wing beats and remain so now, and the 
inner ones of each wing actually cross 
in the air above the body of the bird. 
Occasionally both the inner and the 
outer pairs cross each other, but more 
frequently only the inner ones do so. 
The green gorget is sometimes only 
slightly raised, but in full displays it is 
completely elevated away from the body 



Fig. 4. Full display position; wings held 
still. 



54 


THE SCIENTIFIC MONTHLY 


except, of course, medially, and the two 
lateral attenuated apices are brought 
forward out on the sides. The short 
velvet-like feathers of the crown are 
ruffled and, when reflecting light, give 
an optical effect of a rolling beam of 
light traveling from the forehead to the 
occiput. While this pose is held the bill 
is kept closed, but the bird utters a series 
of low, guttural, almost whisper-like 
sounds like that of faint cracking of 
twigs. The throat dilates slightly as the 
successive notes are given. 

The display may end here with the 
folding of the wings back to their usual 
position and the resumption of a normal 
upright posture, but two types of elabo¬ 
ration are often indulged in. Probably 
the displays that terminate here are in¬ 
complete. 

In the first type the wings are sud¬ 
denly stretched out fully horizontally, 
bringing the carpal joint (the point of 
attachment of the white plumes) far out 
laterally, and are held stiffly in that 
position for a second or two. The white 
plumes are still erected individually. 
(Fig. 5.) From a front view of the 
bird it looks almost as though the white 
plumes on either side were attached to 
the apical areas of the green gorget, 
which is held widely stretched at right 
angles to the body. The head may be 
raised somewhat during this stage, but 
the bill always points downward. The 
wings are soon folded, the plumes slowly 



Fig. 5. Wings stretched laterally and 


HELD MOTIONLESS. 


fall, the gorget relaxes and subsides, and 
the display is over. In some cases the 
wings are not stretched laterally, but 
merely stiffened. (Fig. 6.) 

In the second type, the bird keeps the 
wings half arched and then leans back¬ 
wards on its perch, presenting to the 
female a view of the gorget and the whit¬ 
ish plumes hovering behind it. It may 
let go of the perch and tumble over in 
the air in a backward somersault, land¬ 
ing on its feet with closing wings. This 
ends this type of display. The former 
type was much the more frequently in¬ 
dulged in in my experience. 

Aside from the green gorget and the 
erectile carpal plumes, the antics of the 
bird in the first part of its display— 
bending over and arching the wings—is 
slightly reminiscent of the display of 
some of the Ieteridae, but presents the 
following points of difference. The tail 
is never spread and is usually depressed, 
not elevated, in Semioptera; it is always 
raised and usually spread to some ex¬ 
tent in the Ieteridae. In Semioptera the 
bird bends over before arching the 
wings; in the Ieteridae the wings are 
arched first. The guttural twig-cracking 
sounds are peculiarly like those made 
by some of the oropendolas ( Oymnosti - 
nops montezuma and Ostinops decu- 
manu8). 

It occurred to me that possibly in a 
wild state the displaying male would 
assume a position in the tree above the 
female to which he was displaying, and 
that this might account for the down¬ 
ward posture assumed before the real 
inception of display. I tried, therefore, 
putting the skin or skins, that I used to 
help excite the bird, on top of the cage, 
above his perch, etc., as well as below it, 
but the head-lowered position was not 
affected in any way by these changes. 
If the origin of this pose was as sug¬ 
gested, then it has become so stereo¬ 
typed in its performance that it is no 
longer easily altered. Occasionally tie 
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bird may bend downward so far that it 
is upside down when displaying. 

On one occasion, at the height of the 
wing-arching stage, when the wings were 
almost touching at the carpal joint, the 
bird uttered a rolling almost trilling 
series of notes quite different from the 
rasping tscharrr or arrrrh notes given 
before the actual display. These indi¬ 
vidual notes were of the arrrh type, but 
clearer, shorter and less nasal in quality. 


Usually, however, the bird is silent while 
displaying, save for the faint twig-crack¬ 
ing sounds. 

In all types of display, the white 
carpal plumes remain erect for a little 
while after the wings have been folded. 
It looks as though the tension required 
to raise them needs time to die down; 
that the bird can elevate them quickly 
but can not force them down as in¬ 
stantaneously. 
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I suspect that there is not one of my 
listeners who has not recently mislaid 
something and who can not for the life 
of him remember where he put it. Or 
perhaps you have forgotten a name 
which you wanted to remember, or you 
have forgotten some important fact. It 
is a popular belief that forgetting of this 
sort is more true of old age. How often 
does one hear it said: “I must be getting 
old because I can’t remember so and 
so. ” As a matter of fact such forget¬ 
ting is perfectly characteristic of all 
ages. I hope before I am through to in¬ 
dicate how it is possible to improve your 
ability to remember. 

Indeed the experimental results from 
the studies of learning and forgetting 
indicate that the situation is rather 
worse than most people suspect. The 
first experimental study of forgetting 
and remembering was performed less 
than 50 years ago, but since that time, 
there is probably no problem in experi¬ 
mental psychology which has been in¬ 
vestigated in so many phases and on 
which so much time has been spent. 

The results of the first study of for¬ 
getting, which was reported in 1885 by 
Hermann Ebbinghaus, indicate as well 
as any other how serious is this matter 
of forgetting. Before I indicate the re¬ 
sults, let me briefly outline the experi¬ 
mental method. Ebbinghaus learned 
lists of nonsense syllables like some of 
those which have recently appeared in 
advertising. These lists of nonsense syl¬ 
lables were learned only to the point at 
which they could be first correctly re¬ 
peated. Then periods of time were al¬ 


lowed to elapse ranging from 20 minutes 
to 30 days in order to determine the de¬ 
gree of forgetting for the different 
periods of time. When the testing of 
the amount forgotten was to be deter¬ 
mined, there was no attempt to recall 
the series. Instead the series of syl¬ 
lables was relearned and the amount of 
time and the number of repetitions 
saved in relearning gave an index of the 
amount remembered. 

Under the conditions, then, of learn¬ 
ing lists of nonsense syllables to the 
point of first errorless repetition and 
testing the amount forgotten by the 
method of relearning, it was found that, 
after 20 minutes, more than 40 per cent, 
was forgotten; after 1 hour, more than 
55 per cent, was forgotten, and after 6 
days only about 25 per cent, was remem¬ 
bered. That is indeed a discouraging 
picture. Think of the teacher, for ex¬ 
ample, who may expect that more than 
half of a lecture will be forgotten one 
hour later and more than three quarters 
of what is taught on Monday will be 
gone by the following Monday. 

Undoubtedly all of you have already 
thought of a number of criticisms, but I 
can assure you that most if not all of 
these criticisms are not true. These ex¬ 
periments have been repeated many 
times and the subjects in the original 
experiment did not have poor memories. 
But, of. course, you will say, what can 
you expect when you learn such silly 
things as nonsense syllables. Let me as¬ 
sure you that many other sorts of ma¬ 
terials have been used, such as lists of 
words, stanzas of poetry and selections 
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of prose, and invariably one has ob¬ 
tained similar results. It does not make 
any difference what materials one uses, 
forgetting takes place just as rapidly. 
And some of you may say, “But the ma¬ 
terial was tested by relearning rather 
than recall.” And, on this point, I can 
assure you that the relearning which was 
employed will give a much better score 
than a simple attempt to recall. If these 
learned materials had been tested by re¬ 
call, the results would have shown an 
even more rapid rate of forgetting. 

But you will say, “I do remember 
things better than these results would 
indicate/’ Of course, this is true and 
the answer is to be found in one condi¬ 
tion of the experiment. The important 
thing is that these materials were 
learned only to the point of first error¬ 
less repetition. In other words, they 
were just learned and no more. And 
you will find that if you just learn ma¬ 
terial, it will be forgotten quite as rap¬ 
idly as the Ebbinghaus results would 
indicate. Many other experimental re¬ 
sults on learning and forgetting indi¬ 
cate, however, that overlearning is nec¬ 
essary for more permanent retention. 
And these experiments show that a rela¬ 
tively small amount of overlearning 
brings enormous dividends in slowing 
the rate of forgetting. 

One reason, therefore, why there is so 
much forgotten is because you have not 
sufficiently overleamed what you want 
to remember. How frequently does the 
school child say, when he has once suc¬ 
ceeded in spelling a word correctly, 
“Well, I have that,” and then turns to 
something else. And if the school child 
stops at this point,' one may expect that 
40 per cent, will be forgotten by the end 
of 20 minutes and 75 per cent, forgotten 
at the end of a week. And how often 
does the adult say, “I can’t remember 
the name of the person whom I met last 
evening,” when probably he has heard 
the name only once, and all too fre¬ 


quently, the name was not even clearly 
pronounced during the introduction. 
And how can you expect to remember 
where you have put your glasses when 
you did not even notice that you were 
putting them down? In other words, 
how can you expect to remember when 
there has never been learning at all, or 
when there has been insufficient learn¬ 
ing? 

Let me illustrate this principle of bet¬ 
ter retention as the result of overlearn¬ 
ing with a very practical example. 
Many years ago I knew a gentleman 
who was noted for his ability to remem¬ 
ber names—a characteristic which was 
of great value in his life as a politician. 
He quite frankly told me how he did it. 
It turned out that he did not have an ex¬ 
ceptionally good memory at all. But he 
frankly and quite consciously set out to 
overlearn the name of any one whom he 
might meet. When introduced to Mr. 
Smith, he did not merely say, “I am 
glad to meet you,” but he would say, 
“I am glad to meet you, Mr. Smith.” 
And then he would say, “And now, Mr. 
Smith, what did you come to see me 
about?” “No, I do not believe that I 
can help you there, Mr. Smith.” And 
so on, so that, within a few minutes’ con¬ 
versation he had repeated the name ten 
or a dozen times. It was this repetition 
—this overlearning—which enabled him 
to remember the name, not the fact that 
he possessed an exceptional memory. 

Our time is too limited to discuss all 
the other many aids to remembering. 
But besides the principle of repetition 
and overlearning which I have empha¬ 
sized, unquestionably the other most im¬ 
portant factor is the formation of asso¬ 
ciations. By this I mean that any idea 
to be readily recalled must be associated 
with other ideas. It is the idea which 
stands alone and which has never been 
associated with other ideas that is at 
once forgotten. And conversely the 
idea which is hooked up with a great 
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many other ideas; that idea, in other 
words, that has entered into a rich con¬ 
stellation of associations with many 
other ideas—has far the best chance of 
being recalled when you want it. Let 
me illustrate with a practical example. 

How many of my listeners can tell me 
who was elected Vice-President during 
the Harding administration ? I suspect 
that not many of you can answer off¬ 
hand and I also believe that not many 
could tell me at all no matter how much 
time I gave you to think about it. And 
what when I remind you that the Hard¬ 
ing Vice-President was the late Calvin 
Coolidge and that Mr. Coolidge became 
President when Mr. Harding died while 
in office. Of course, now that I have re¬ 
minded you, you will recall many things 
about this—how Mr. Coolidge’s father 
swore him into office and all the rest of 
those dramatic incidents. There is no 
question of your remembering Mr. 
Coolidge as President, but you had for¬ 
gotten him as Vice-President. This dif¬ 
ference has its basis in the very fact 
that you had few associations with him 
as Vice-President and many associations 
connecting Mr. Coolidge with the Presi¬ 
dency. This is the psychological basis 
of all the variations of the joke about 
Vice-Presidents. 

I can illustrate this principle of the 
importance of associations for perma¬ 
nent memory by describing a demonstra¬ 
tion which I give to my classes each year 
to emphasize this fact. The class pre¬ 
pares a list of 30 common nouns. My 
assistant comes blindfolded into the 
room and the list is read to him just 
once—allowing him several seconds for 
each word. Immediately afterwards he 
will repeat the list forwards or back¬ 
wards, give the position of any word in 
the list or the word for any position. 
For several years my assistant has done 
this without error, and it happens that 
this assistant has normally such a poor 


memory that he always carries a pad of 
paper with him on which he writes 
everything that he wants to remember 
during the day. The trick is accom¬ 
plished by means of the assistant having 
a memorized list of thirty key words 
which he uses time after time. This list 
is so overlearned that he knows each 
word and its position in the list very 
thoroughly. Let us say that his third 
key word is “car” and that the third 
word in the list which the class has pre¬ 
pared is “elephant.” My assistant will 
promptly associate his key word with the 
class word, usually in some bizarre 
fashion if possible. For example, he 
will see an elephant inside a trolley car. 
Later some one asks for the third word. 
My assistant knows that his third key 
word is “car” (because he has over¬ 
learned the key list) and he sees, in his 
mind's eye, the elephant in the car. 
With this associated cue he is then able 
to say “elephant.” I have said that my 
assistant recalls the 30 words by the 
trick of forming associations between 
the words in his key list and the words 
of the class list. I then ask the class to 
reproduce the list, obviously without 
these associations—and I have never yet 
found a student who could do it, al¬ 
though the class has been making up the 
list and looking at it for probably a half 
hour. And there is nothing remarkable 
in this trick of my assistant. I can as¬ 
sure you that any one of you could do 
this trick within 24 hours if you were 
merely willing to take the time to pre¬ 
pare a key list and then take the time to 
overleam it very thoroughly. 

Let me give just one more example of 
the importance of associations for re¬ 
membering. It happens that I am ad¬ 
dicted to the reading of detective stories. 
In a recent story, it was important that 
one of the characters as well as the 
reader must remember a certain house 
number but not particularly important 
that the name of the street be recalled. 
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The character in the book receives a 
phone call sending him to this house, the 
number of which is “52.” He is told 
over the phone, “Go to number 52 and 
remember that there are 52 cards in a 
deck and 52 weeks in a year.” This is 
good psychology. The character and I 
both remembered the number, but I am 
sure that I have forgotten the name of 
the street. 

I have talked of only two factors 
which are of importance for permanent 
remembering. There are many other 
factors but they are certainly of less im¬ 
portance. I can assure you that these 
factors of the formation of associations 


and of repetition until a material is not 
only learned but overleamed can not be 
overemphasized if you want perma¬ 
nent retention. And I can assure yon 
that these principles are equally applica¬ 
ble to any age. Be you young or be you 
old, if you want to remember something, 
repeat it over and over again, adding as 
many different associated ideas as you 
can even after you are sure that you 
know it. In this way you will probably 
not improve your memory, but you will 
certainly be able to retain and to recall 
things ever so much better, which, after 
all, is what is important in the practical 
situation. 


IS OUR CLIMATE CHANGING TO MILDER? 

By J. B. KINCER 

CHIEF, DIVISION OF CLIMATE AND CROP WEATHER, U. S. WEATHER BUREAU 


In the latitude of the United States, 
we have certain very definite and regu¬ 
lar temperature changes. One of these 
is the diurnal or daily march, with the 
minimum occurring on the average 
about sun up and the maximum at 2 or 
3 o’clock in the afternoon. The differ¬ 
ence between the lowest and the highest 
of the day is normally about 20 degrees. 
There is still another periodic or regu¬ 
lar variation in the temperature with 
which we are all familiar—the annual 
march. The coldest month of the year 
is, on the average, January, and the 
warmest, July at most places. Varia¬ 
tions in the annual range, that is, the 
difference between the average tempera¬ 
ture for the coldest and the warmest 
month of the year, fcre greatest in the 
northern states and least in the south¬ 
ern. In North Dakota January, on the 
average, is about 62 degrees colder than 
July, while for Florida the difference is 
only 22 degrees. The range is least 
along the Pacific coast; in San Fran¬ 
cisco January is less than 9 degrees 


colder than July. These periodic 
changes in temperature are due, of 
course, to the relative positions of sun 
and earth—that is, they are astronom¬ 
ical in character. 

Other temperature changes, not so 
obviously of solar influence, are familiar 
also. We have short-period fluctuations 
in which different kinds of weather 
come and go in comparatively brief, 
alternating spurts, as it were, or with 
short periods of irregular length—sun¬ 
shine, then rain; cool or cold, then warm 
—succeeding one another with a regu¬ 
larity that every one takes for granted. 
However, an exhaustive statistical exam¬ 
ination of these short-period changes 
fails to disclose any regularity that 
affords a basis for forecasting future 
weather independently of the standard 
forecasting methods of the Weather 
Bureau, in which daily synoptic charts 
play an important role. 

In addition to these short-period fluc¬ 
tuations, we have long-time trends in 
temperature. Perhaps most of you 



60 


THE SCIENTIFIC MONTHLY 


either have expressed the opinion per¬ 
sonally or heard it expressed by others, 
that our climate is changing—that it is 
becoming warmer, despite an occasion¬ 
ally severe cold wave in winter or an 
untimely and unwelcome frost in spring 
or fall. With 4 * Grand-dad’ ’ insisting 
that the winters were colder and the 
snows deeper when he was a lad and 
most of the rest of us realizing that in 
recent winters we have not been getting 
our full quota of cold weather, as mea¬ 
sured by bygone standards, it was de¬ 
cided to make a rather exhaustive study 
of the question. We believe you will be 
interested in some of the results this study 
has disclosed from the records up to and 
including the year 1933. 

We might give a few illustrations of 
recent abnormal warmth. An examina¬ 
tion of the temperature records for 
Washington, D. C., shows that for the 
last 21 winters 18 have been warmer 
than normal; that every one of the last 
13 was mild, and that the warmest win¬ 
ter of record, going back considerably 
more than a century, was that of 1931- 
32. In passing we might mention that 
this is in marked contrast with 4 ‘Grand¬ 
dad^ day,” say from 1854 to 1873, 
when 75 per cent, of the winters were 
colder than normal; the winter of 1855- 
56 was the coldest in more than 100 
years. The record for New Haven, 
Conn., shows that every one of the last 
10 winters has been relatively warm; 
also, 18 of the last 21, and 33 of the last 
45. This New Haven record, by the 
way, goes back to near the close of the 
Revolutionary war. Further west, we 
pick up, at random, the Saint Louis 
record, which shows 13 of the last 15 
winters with above normal temperature. 
By normal, we mean the long-time 
average. 

When we examine the records for 
other seasons of the year, such as the 
spring and fall, similar conditions are 
disclosed. For the spring (March to 


May, inclusive) we find in the case of 
New Haven that 20 of the last 24 springe 
were relatively warm, which contrasts 
sharply with the 10 successive springs 
from 1866 to 1875, every one of which 
had a mean temperature below normal; 
the Washington, D. C., record shows 
only 8 springs with below normal 
warmth during the last quarter of a cen¬ 
tury. In Saint Paul, Minn., more than 
75 per cent, of the fall seasons for the 
last 43 years have been warm, in con¬ 
trast to the 37 falls from 1840 to 1876, 
inclusive, during which only 9 were 
warmer than normal. Here in Wash¬ 
ington, only 4 of the 25 falls since 1907 
have been below normal temperature. 
The Weather Bureau maintains about 
5,000 weather stations scattered 
throughout the country and the records 
for these we have mentioned are typical 
of others over the central and northern 
portions of the United States east of the 
Rocky Mountains. 

In view of these facts, is it any won¬ 
der that people are asking the question 
“Is our climate changingf” It might 
be stated, however, that the abnormally 
warm weather experienced in general 
for a long time past does not mean that 
cold periods have been entirely absent. 
On the contrary, the records indicate 
that occasional brief spells of abnor¬ 
mally cool or even extremely cold 
weather are characteristic of prevail¬ 
ingly high temperature trends. The low¬ 
est official temperature of record for the 
United States—66 degrees below zero— 
occurred last winter in the Yellowstone 
National Park, notwithstanding the win¬ 
ter was decidedly mild over much of the 
greater part of the United States. 
Again the past winter, or that of 1933- 
34, and especially the month of Febru¬ 
ary, has been abnormally cold in our 
northeastern states, with the establish¬ 
ment of new low temperature records at 
many places. However, the area af¬ 
fected is relatively small, as much the 
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greater part of the country has had 
decidedly mild weather, with a large 
northwestern area enjoying one of the 
warmest winters ever known. In me¬ 
teorological work the winter is consid¬ 
ered to include the calendar months 
from December to February, inclusive. 
In other words, we have been having 
brief cold spells and an occasional cold 
winter, but at the same time mild 
weather and warm winters have greatly 
predominated for many years. 

We have just contrasted the fre¬ 
quency of recent warm winters and 
springs and falls with conditions shown 
by the records to have obtained some 50 
to 75 years ago when there was a 
marked tendency to colder weather. 
Now these long-time temperature 
changes are quite similar in many ways 
to the seasonal changes we experience 
every year. For our geographic loca¬ 
tion, when we compute the day by day, 
or week by week, average of temperature 
for a long period of years, we obtain 
what is known as the normal for that 
day or week. In the normal annual 
march of temperature the lowest of the 
year falls about the middle of January, 
called mid-winter, and the highest about 
the middle of July, known as mid¬ 
summer. 

When the turning point is reached in 
mid-winter there is a very definite and 
regular increase in the normal tempera¬ 
ture curve, slow at first, but becoming 
more pronounced in March and April, 
after which the rate of increase is re¬ 
tarded until the highest point is reached 
in July. However, it is only the normal 
or average that has this regular trend. 
For any single year the rise from mid¬ 
winter to mid-summer is frequently in¬ 
terrupted by short-period fluctuations, 
each a few days in length—warm, then 
cool, in succession. This and the fact 
that the rise is very gradual obscures the 
seasonal march, and there is a lapse of 
some time before we are conscious of a 


permanent change to warmer weather. 
It is finally realized, however, as the 
season progresses, that the cold spells are 
becoming less frequent and less severe 
and the mild ones warmer. 

So much for the annual march of 
temperature that carries us from the 
cold of winter to the warmth of summer, 
a change requiring only a few months to 
accomplish. In studying the long-time 
temperature trends we may, for a 
clearer understanding of their general 
nature, consider that the centuries, too, 
have their winters and summers, just as 
do the years. These trends, from 
periods of relatively cold to compara¬ 
tively warm weather, are very similar in 
nature to the seasonal march in tempera¬ 
ture from winter to summer, though 
here the shorter-period fluctuations that 
interrupt the general trends are mea¬ 
sured in years instead of by days as in 
the other case. When these are smoothed 
out, as we smooth the day-by-day fluc¬ 
tuations to obtain the normal annual 
march, we find very definite long-time 
trends in the same general direction for 
many years—that is, tending either to 
cooler weather or to warmer as the case 
may be. 

Our longest temperature records in 
this country are for the central and 
eastern states and go back something 
more than a century. These show that 
some hundred years ago the general 
trend was receding, apparently from 
some undetermined higher point still 
further back for which records are not 
available, and that this recession con¬ 
tinued, with comparatively minor inter¬ 
ruptions, to about 1865. From this date 
the trend curves show a more or less 
steady rise up to the present time. For 
the last 25 years this rise has been espe¬ 
cially rapid which has carried the curve 
much higher than at the point where the 
door was opened upon the scene by the 
beginning of records many generations 
ago. In other words the abnormal 
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warmth during the past 20 or 25 years 
has no precedent in records available for 
study, notwithstanding the longest go 
back to Revolutionary war days. The 
change in the trend lines from the low¬ 
est, more than half a century ago, to the 
present time is rather impressive. For 
example, the 20-year average tempera¬ 
ture for the winter, spring and fall sea¬ 
sons up to 1933 are from 24 degrees to 
nearly 4 degrees higher than similar 
averages up to 60 or 70 years ago. This 
is quite a difference when we are consid¬ 
ering averages for a 20-year period com¬ 
prising seasons covering 3 months each. 

The records for the different seasons 
of the year show that the winter trends 
are the most irregular, with the up-and- 
down secondary swings of greater fre¬ 
quency and shorter ir duration than 
those for the other seasons. For the 
spring and fall the trends have been 
more uniformly upward, with fewer in¬ 
terruptions by short cold spells. 

Doubtless some of you are now ready 
to inquire, what about other parts of 
the world! Are these conditions peculiar 
only to the areas covered by the records 
discussed, or is the summer of the cen¬ 
turies prevailing in other countries, also ? 


To determine this, we have examined a 
number of long temperature records for 
different parts of the world, using the 
same smoothing device as before. These 
represented Canada, France, Spain, 
Italy, Austria, Poland, England, the 
Scandinavian countries, Mexico, South 
America, Africa and New Zealand. 
They are all in substantial agreement in 
showing upward temperature trends for 
a long time past, except that some low 
latitude areas, especially the Mediter¬ 
ranean countries, were negative by in¬ 
dicating moderate recent trends to 
cooler. 

We have said that something more 
than a hundred years ago we were com¬ 
ing out of a warm period apparently 
something like that in which we are now 
in the midst. If we had records cover¬ 
ing a few hundred years still further 
back, doubtless some interesting facts 
would be disclosed. As it is, they are 
not long enough to cover a complete 
cycle, that is, from one major warm 
peak to its successor, and consequently, 
they do not afford even an inkling as to 
just how much longer the present 
warmth may continue or how much 
higher the trend curve may go, if any. 


THE HUMAN-ANIMAL DISEASES 

By Dr. DAVID J. DAVIS 

DEAN AND PBOFKSSOK OF PATHOLOGY, COLLEGE OF MEDICINE, UNIYEB8ITY 
OF ILLINOIS, CHICAGO, ILLINOIS 


The earliest reference to disease in 
any literature concerns pestilence or epi¬ 
demics involving both animals and man. 
This was because man in primitive times 
lived in intimate association with the 
various domesticated animals upon 
which he was largely dependent for 
food, clothing, transportation and pro¬ 
tection. Diseases common to men and 
the lower animals could in this way he 
easily transmitted. 


One of the first references to a definite 
pestilence appears in Hebrew literature 
in Exodus 9: 3, where it is stated, “Be¬ 
hold the hand of the Lord is upon thy 
cattle which is in the field, upon the 
horses, upon the asses, upon the camels, 
upon the oxen and upon the sheep: there 
shall be a very grievous murrain. ’ ’ This 
curse was sent upon the Egyptians be¬ 
cause they refused to heed the words of 
Moses. In the writings of the Greek 
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mythology, reference is often made to 
Apollo, the god of healing and father of 
Esculapius, who was able with his far- 
darting arrows to scatter plagues among 
both humans and animals and as easily 
to withdraw such influences. 

The first great pestilence of which we 
have a definite record was the Plague of 
Athens in 430 b.c. Thucydides gives a 
vivid description of this terrible epi¬ 
demic, which killed on such a vast scale 
that, as he states, cities were almost de¬ 
populated and great piles of human 
bodies remained in the streets unburied. 
He makes this interesting comment: 
“For the character of the disorder sur¬ 
passed description; and while in other 
respects also it attacked every one in a 
degree more grievous than human nature 
could endure, in the following way, espe¬ 
cially, it proved itself to be something 
different from any of the diseases 
familiar to man. All the birds and 
beasts that prey on human bodies either 
did not come near them, though there 
were many lying unburied, or died after 
they had tasted them. As a proof of this 
there was a marked disappearance of 
birds of this kind, and they were not 
seen either engaged in this way, or in 
any other; while the dogs, from their 
domestic habits, more clearly afforded 
opportunity of marking the result I men¬ 
tioned/ 9 What this disease was has 
never been determined, though the sub¬ 
ject of dispute for years. Some critics 
have thought it to be a form of glandu¬ 
lar plague, even though Thucydides did 
not mention buboes. Others believe it to 
be some other highly contagious disease, 
possibly typhus fever. However, if birds 
and dogs were susceptible, it would indi¬ 
cate that it was some disease other than 
plague or typhus, for neither animal is 
susceptible to these diseases under such 
conditions. Probably anthrax would ex¬ 
plain the facts better than any other dis¬ 
ease known to-day. This is the first 
known observation on the transmission 


of a disease through the eating of con¬ 
taminated flesh from the human to an 
animal. To-day, in human-animal dis¬ 
eases, the infection nearly always passes 
from the animal to man. 

The second great pestilence in re¬ 
corded history was “The Plague of 166 
a.d.,” often referred to as the “Plague 
of Marcus Aurelius”; also the “Plague 
of Galen.” Both Galen and Marcus 
Aurelius lived at that time in Rome. 
Marcus Aurelius has left no record of 
this plague. He himself died of it in 
180 a.d. Galen described it and from his 
writings most authorities conclude it was 
the same disease as the plague of Athens 
in 430 b.c., whatever that may have been. 
White, in his recent volume on Roman 
history, refers to this catastrophe as per¬ 
haps the chief cause of the decline and 
fall of Rome. He states that the empire 
never recovered after the enormous mor¬ 
tality, the disorder and confusion and 
the depressed mental state and loss of 
morale that followed this plague. Gib¬ 
bon mentions it, but stresses it less than 
other writers. 

The Justinian plague, beginning about 
530 a.d. and continuing for some 50 
years, was another one of the greatest 
catastrophies of all time. Man and ani¬ 
mals were involved. From the descrip¬ 
tions available the evidence seems con¬ 
vincing that it was real bubonic plague, 
though from some of the records it would 
seem that more than one disease pre¬ 
vailed. It is possible that bubonic 
plague, typhus, smallpox and anthrax 
all may have raged at the same time. 
The simultaneous occurrence of several 
infections is a possibility that may ex¬ 
plain many of our difficulties in identi¬ 
fying the true nature of these ancient 
afflictions. 

Nearly all writers assume that these 
pestilences were diseases that are in ex¬ 
istence at the present time, and hence in 
their studies they have attempted to 
identify the disease with one of our mod- 
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em plagues. After a thorough study of 
the evidence, we are forced to the con¬ 
clusion that some of these great plagues 
may have disappeared completely. There 
are two such diseases known to have 
occurred in relatively modern times; 
namely, the sweating sickness, beginning 
in England in the sixteenth century, and 
trench fever, which appeared during the 
recent world war. We have fairly accu¬ 
rate descriptions of both. So far as we 
know, neither exists anywhere to-day. 

Comparative medicine may justly lay 
claim in a very definite way to one of 
the great men of history, the Roman 
poet, Virgil. He has been pronounced 
the world’s greatest veterinarian. For¬ 
tunately, perhaps, he was not a trained 
scientific veterinarian or medical man, 
for if he were it might hrve interfered 
with his poetry. No medical writer has 
approached him in describing disease. 
His most celebrated description concerns 
anthrax, at that time in Italy a preva¬ 
lent disease afflicting man and many 
lower animals. Its havoc must have im¬ 
pressed him deeply. The sources of in¬ 
fection he seemed to know quite clearly 
and refers to them as follows: ‘ 4 From 
tainted air arose a dreadful storm, in¬ 
fluenced by autumn’s heat, and gave to 
death all cattle tame or wild, corrupting 
lakes, poisoning the grassy food.” In 
his incomparable verse he describes vari¬ 
ous animals, revealing the different 
stages of the disease. He notes the 
young cattle, the * t fawning dogs” and 
the sick swine. To the horse, his favor¬ 
ite animal, he devotes some of his finest 
art. He tells how the bull and the oxen 
in the fields are stricken. Then the wolf, 
the deer and the flying stags and “in the 
sea all swimming things like shipwrecked 
bodies float washed by the waves. ’ ’ Even 
the viper dies and the birds infected by 
the wind fall and “leave their lives in 
the lofty air. ’ ’ 

Finally coming to man, he gives the 
first description on record of wool sort¬ 


ers’ disease or pulmonary anthrax. He 
evidently was aware of the persistence 
of the disease in the soil, due, as we 
know now, to the anthrax spores. For 
he says, referring to the dead animals 
(quoted from Fleming), 

Tell men dig deep and bury them in earth 
The skins are usolesa, nor the tainted flesh 
Can water cleanse nor raging fire subdue; 

Nor is it possible to sheer the fleece, 

So damaged with disease and filthiness; 

Nor can the weaver touch the putrid web. 

But should a man attempt the odious garb 
With burning pimples and disgusting sweat 
His limbs are seized, and in no lengthened time 
The fire accursed consumes his poisoned frame. 

No doubt we must grant to Virgil the 
poet’s license in liberal measure. But 
making due allowance for this we ob¬ 
serve there is much solid information, 
indicating that these human-animal dis¬ 
eases were widely prevalent and recog¬ 
nized as directly transmissible from ani¬ 
mals to man. 

Not only in these ancient times but 
continuing down through the dark and 
the middle ages, the literature is replete 
with references to the diseases common 
to man and animals. The idea was 
prevalent that some general cause was 
responsible, such as tainted air, storms, 
earthquakes, etc., all more or less deter¬ 
mined by the gods. Here and there, 
however, we note the growth of a more 
definite scientific conception of a direct 
transmission from animal to animal or 
from animal to man. 

In our present day we are still con¬ 
fronted by these same problems. Just 
now there seems to be an especial danger 
threatening man from several diseases of 
the lower animals which serve as reser¬ 
voirs for the infecting agent. Undulant 
fever, psittacosis or parrot fever, tula¬ 
remia or rabbit fever, fish tapeworm, 
septic sore throat, sporotrichosis and 
actinobacillosis are some of the more 
modern ones which we fear. Rabies, 
bovine tuberculosis, anthrax, glaiiders, 
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actinomycosis and bubonic plague are 
the more ancient diseases of this type. 
More and more attention is being di¬ 
rected to them. While some are very 
old, others are new or at least only re¬ 
cently recognized. Some seem to have 
been rare in the past, but at present are 
rapidly spreading. Practically all are 
carried from lower animals to man; al¬ 
most never is the reverse true. 

Our domestic animals play the most 
important role in transmitting these dis¬ 
eases. Fortunately, wild animals are 
less often involved. When infected, 
however, the latter, owing to the difficul¬ 
ties of control, present extremely serious 
problems. 

Man is infected both directly and in¬ 
directly from animals. Direct and inti¬ 
mate contact is common and in some dis¬ 
eases like glanders and parrot fever is 
the usual route of infection. In other 
diseases ingested food products, includ¬ 
ing milk and meat, are the usual or al¬ 
most exclusive mode of transmission. 
Bites are responsible for transmission, 
especially in insect-borne infections. For 
certain dangerous organisms the soil is 
the chief reservoir from which in differ¬ 
ent ways the germs infect animals and 
man. At times the routes of transmis¬ 
sion are exceedingly devious and difficult 
or impossible to trace. 

There are many human diseases whose 
transmission and control can be under¬ 
stood only through studies on lower ani¬ 
mals. Such studies include experiments 
on normal animals and observations on 
sick animals. As examples, may be 
mentioned septic sore throat, rabies and 
undulant fever. Septic sore throat oc¬ 
curs in epidemic form, at times affecting 
hundreds of persons at once. It arises 
from drinking milk from cows whose 
udders are infected with a dangerous 
germ, the epidemic streptococcus, which 
enters through the teat from the milker. 
Mastitis or infection of the udder is a 


very common disease of cows, but fortu¬ 
nately most of these infections are not 
dangerous to man. 

Undulant fever is common to several 
kinds of domestic animals and is trans¬ 
mitted to man either by contact or 
through the use of animal food products. 
Formerly we considered it rare, but now 
we know it to be wide-spread. It is one 
of the major health problems involving 
both humans and domestic animals. In 
its solution, as in the solution of most of 
these animal-human diseases, the coop¬ 
eration of the veterinarian with the phy¬ 
sician is necessary. 

Rabies continues to be too common. 
Even the very rare case should always 
be considered a threatening menace to 
both human and animal species. 

Tularemia is widely distributed in the 
animal world and is caused by a small 
bacillus. In this country human beings 
are infected chiefly from the rabbit. 
Hence we see it mostly in hunters, 
butchers and in women who prepare the 
carcasses of this animal for food. A 
primary lesion appears on the exposed 
part, commonly the hand, from which 
the infection spreads to the neighboring 
lymph glands. It is usually not a fatal 
disease. A campaign of education and 
proper warnings conveyed to persons ex¬ 
posed should do much to control it. 

Swine erysipelas is an infection occa¬ 
sionally carried to man from hogs. The 
disease is rare in the United States, but 
in Europe it is common and a few hu¬ 
man cases have appeared. Recently a 
serious outbreak of 80 cases appeared in 
a button factory in Virginia. Buttons 
were made there from the bones of in¬ 
fected hogs. 

Actinobacillosis is a disease primarily 
of cattle and is similar to the well-known 
lumpy jaw or actinomycosis. Man is in¬ 
fected occasionally in the United States, 
more frequently in Europe for some rea¬ 
son. Both this disease and swine ery¬ 
sipelas, now rare in man, should be 
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carefully watched. They may be just 
emerging from their reservoirs in the 
lower animal world up into the human, 
where it is difficult to predict how dan¬ 
gerous they may be. 

Parrot fever or psittacosis has several 
times recently gained the front page of 
the newspapers. It is one of the most 
contagious diseases known, being trans¬ 
mitted directly from parrots, parrakeets, 
love birds and several other varieties to 
man. It is caused by a filterable virus. 
Argentina has been its habitat for many 
years, but recently more or less of a 
pandemic lias appeared and now it ap¬ 
pears to be widely disseminated. Cali¬ 
fornia seems at present to be the chief 
focus in the United States because of the 
extensive aviary industry there. 

Sporotrichosis is a fungous disease in¬ 
fecting man, the horse, mule, rat, dog 
and some other animals. While never as 
yet a common disease, it occurs in cer¬ 
tain countries often enough to occasion 
some alarm. In France, Argentina, 
South Africa and the United States it 
has gained a foothold and isolated cases 


are observed from time to time. At pres¬ 
ent it does not seem to be on the increase. 
The fungus is apparently present in the 
soil or on plants in certain localities, 
from which sources man and animals be¬ 
come infected usually through slight 
wounds in the skin. 

It is noteworthy that we now know 
enough to control most diseases of this 
group thanks to scientific studies carried 
on in the fields of both veterinary and 
human medicine for the past half cen¬ 
tury or more. As a rule the problem is 
to apply the facts we now know. The 
difficulties may be practical and due to 
failure to control the conditions. Other 
difficulties may be financial, where the 
cost of control is prohibitive, or an ig¬ 
norant public may resent interference 
for one reason or another. Many of the 
problems are at bottom social ones and 
campaigns of education in both human 
and veterinary fields are indispensable. 
Nevertheless progress made in the last 
fifty years in both fields is nothing short 
of miraculous from the standpoint of 
disease control and relief of suffering. 



SCIENCE AND INDUSTRY IN THE COMING 

CENTURY 1 

By ALFRED P. SLOAN, JR. 

PRESIDENT OP THE GENERAL MOTORS CORPORATION 


First, I wish to express ray apprecia¬ 
tion, and that of ray associates, for the 
courtesy extended by every one of you 
in joining us at dinner here this evening. 
The endorsement and support of such an 
outstanding group of thought and ac¬ 
tion, of Chicago and eJsewliere, as is 
here assembled, represents in itself no 
small honor and should in itself carry 
conviction as to the importance of the 
message to be presented. 

To-night, here at the Century of Prog¬ 
ress Exposition, we find ourselves sur¬ 
rounded at every turn with the marvels 
of the age, made possible by the progress 
of science, capitalized through the in¬ 
strumentality of industry. In the prog¬ 
ress here recorded is written the lives of 
countless numbers who, through sacri¬ 
fice, courage, conviction and the oppor¬ 
tunity and encouragement that has been 
accorded them, have brought these won¬ 
derful things into being. There results 
a higher standard of life, social and eco¬ 
nomic, and a broader opportunity for 
countless millions. What we see here at 
the moment is the cumulative develop¬ 
ment of the past century, more particu¬ 
larly of the past two decades. Out of 
that past comes the knowledge of experi¬ 
ence and the inspiration of achievement. 
Certainly a sound foundation to build a 

1 Alfred P. Sloan, Jr., President of General 
Motors Corporation, arranged a dinner-sympo¬ 
sium on “Previews of Industrial Progress in 
the Next Century” which was held in Chicago 
on May 25, the evening preceding the reopen¬ 
ing of the Century of Progress Exposition. In 
response to a telegram Mr. Sloan received 
nearly three hundred expressions of opinion 
from leaders of science and industry. This 
article gives the opening address by Mr. Sloan 
and a number of the statements prepared by 
scientific men. 


still greater future—and it is to that 
future that we address ourselves this 
evening. 

What is to be the progress of science 
and industry during the next decades? 
Is there any logical reason to assume 
that progress is to be halted at this par¬ 
ticular point in our development? On 
the contrary, have we not every right to 
believe that the very progress of the past 
insures still more progress in the future 
and at an accelerated rate, if we have the 
breadth of view-point and the knowledge 
of the facts to properly manage our 
affairs? 

There is involved the possibility of 
still higher standards of living. There is 
also involved a still broader opportunity 
for all. 

Unquestionably, the most funda¬ 
mental problem before us in this country 
and, in fact, before the world to-day is 
the question of unemployment. This is 
true whether that problem be one of 
cause or effect. Is the solution in the 
acceptance of the principle upon which 
so many of our national economic poli¬ 
cies are to-day being formulated, that to 
have more, we must produce less ? And 
now comes an amendment to that prin¬ 
ciple, that we should continue to produce 
the old thing—we must not produce new 
and better things. Again, can we even 
imagine that the solution of this vital 
problem lies in the arbitrary discrimina¬ 
tion of one industry as against another, 
through controlling the freedom of the 
individual to exchange the results of his 
own labor, according to his own judg¬ 
ment and desires? Are we to believe 
that the amount of useful work to be 
performed is limited to what it is to-day 
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and that the problem of unemployment 
is solved by dividing the amount of work 
by the number of workers, or are we to 
believe that the amount of work can be 
expanded, given the proper economic 
machinery to make that possible? Can 
we look forward with confidence and 
conviction that if we turn back to the 
principles which have made this country 
what it is, and which we are to-day dis¬ 
carding; if we eliminate all artificial 
barriers that have been erected; if we 
encourage rather than discourage; if we 
reward rather than penalize constructive 
effort in the future, as we have in the 
past, that we can consolidate and accel¬ 
erate the processes of natural recovery 
that we all believe are very definitely in 
the making throughout the world ? 
What can science and industry contrib¬ 
ute to such an objective i The purpose 
of our discussion this evening is to deal 
with this question. Manifestly, the sub¬ 
ject is a broad one. A survey of many 
branches of useful endeavor discloses 
the fact that great thought and effort is 
being expended and real progress 


effected toward what we might call 
bigger and better things in the not dis¬ 
tant future. These things affect all 
phases of our daily lives; they indicate 
still broader opportunities ahead; they 
demonstrate that the world is in no sense 
finished. What we must do is to estab¬ 
lish and then to recognize what the possi¬ 
bilities are; what can be done—then to 
direct our efforts toward that objective. 
We will not be true to the traditions of 
our great and wonderful country if we 
become satisfied with a static position, 
either in our thinking or in our action. 

Unfortunately, it is possible to pre¬ 
sent this evening, in the limited time at 
our disposal, only a few illustrations of 
how science is ready to show the way and 
industry to blaze the trail toward our 
objective. The picture will be presented 
by leaders of science and industry who, 
through actual contact with the problem, 
speak with authority of those who know. 
I sincerely regret that we can not hear 
from so many others present who could 
contribute with equal force and au¬ 
thority. 


By Dr. CHARLES F. KETTERING 

VICE-PRESIDENT IN CHARGE OP RESEARCH, GENERAL MOTORS CORPORATION 


The whole world is now absorbed in a 
study of social problems. These prob¬ 
lems were brought about largely by the 
war. The depression has had a lot to do 
with clarifying science and industry’s 
part in these problems. As to what we 
do in the future will depend altogether 
upon how good a perspective we have as 
to what we know and what we do not 
know. The ultimate aim of all industry, 
science, government and sociology is for 
a better life—better living conditions; 
better health; better food; better govern¬ 
ment; better houses; in fact, for better 
everything. And these can come about 
only in proportion as our daily routine 
and activities conform more nearly to 
nature’s laws, which we understand so 
poorly at the present time. 


The very fact that we have a lot of 
trouble is the best indication of this lack 
of understanding. Any group of scien¬ 
tists and engineers can sit down and 
write a long list of things which can be 
accomplished in the future. And it can 
also be written down that these things 
will come to pass when our government, 
social and economic situations develop 
to a point where they are desirable. 
And when these new products are pre¬ 
sented, if the people accept them, they 
then become the beginning of new indus¬ 
tries which will absorb a great many of 
our unemployed. 

This list which we are discussing is 
merely the extension of what is in evi¬ 
dence to-day. And of itself it hast suffi¬ 
cient vitality to produce new jobs and 
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new commercial activities to pick up our 
entire unemployment. But we must do 
something about it. Just talking will 
not produce the results. 

It is my impression, however, that we 
are on the eve of things of an entirely 
different nature than the mere extension, 
refinement and development of our 
present-day scientific knowledge. I feel 
we have upon us in the immediate future 
a great change in mental attitudes 
toward the physical world which would 
bring into existence new pieces of infor¬ 
mation which will completely change 
our scientific view-point. It is not what 
we know that is so important. It is 
what we do not know. Most of what we 
know can be found in libraries, in the 
minds of people and in process as they 
exist to-day. But we have no conception 
of what a small percentage this is to 
what there is yet to know. 

As an illustration, we perhaps do not 
recognize it, but everything that ever 
moved on the earth has been moved by 
energy which came directly from the 
sun. Our coal and oil deposits, our for¬ 
ests, our crops and everything that lives 
on the earth is simply an energy contri¬ 
bution from the sun. We do not know, 
except in a very superficial way, how the 
energy which is given out by the sun is 
transmitted to the earth. We do not 
know how plants pick up this energy and 
convert the inanimate carbon dioxide 
and water into the vital materials so 
necessary for our existence. This, when 
understood, will open up an entirely 
new conception of things that can be 
done. 

It is not difficult with this information 
in hand for even the most unimaginative 
person to predict the propulsion of air¬ 
planes by radiated energy with the 
power plants located on the ground. 
Nor is it difficult to envision the entire 
system of aerial transportation which 
would be unaffected by fog and weather 
conditions in general. Most of this work 
is being studied to-day under the name 


of photo-synthesis—that is, how plants 
grow. And we have one research which, 
for want of a better name, we say is’try¬ 
ing to find out why the grass is green. 
We must understand something of these 
processes of radiated energy before 
many of the great problems which lie 
ahead of us can be solved. 

So much of our information to-day 
does not consist of basic understanding. 
It is known to us only by definitions. 
We say we can see through a pane of 
glass because it is transparent, and yet 
we do not know the first principle of how 
light is transmitted through glass. We 
say a copper wire is a conductor of elec¬ 
tricity, and yet even our best scientists 
do not know, even in a small way, how 
electricity passes through one. We rub 
our hands together; we say they are 
warmed by the friction, and yet we have 
no knowledge to-day of the magnetism of 
friction. We know we have ball bear¬ 
ings, but as to the exact action of lubri¬ 
cation little, if anything is known, and 
in the commonplace things that are used 
in the electrical industry, such as mag¬ 
netism, electric charges, etc., we have 
only a very superficial knowledge. We 
know these things exist, however, be¬ 
cause we can see the effects of them. 

Each year we discover new things, 
which a short time ago we did not even 
know existed. This has been true in the 
case of food and vitamins and other 
principles of nutrition. I can not help 
but feel that in a very short time we are 
going to break loose another great piece 
of basic information which will keep us 
industrially busy for a great many years 
to come. I think if we write down as 
our immediate problem those things 
wich which we are dissatisfied we have 
a long list of things to do. We can make 
our cities less noisy; we can take dirt 
out of the air; we are air-conditioning 
our houses; we can have television and 
an unapproaohed number of other 
things. Now if we will go ahead and do 
these things which are evident, to the 
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best of our ability, and still keep an 
abiding faith in what we know and in 
what we do not know as having possi¬ 
bilities of great contributions to human 
welfare, there will be no need to fear the 
future. 

There are many people who doubt if 
human progress can continue on its pres¬ 
ent standards. Still others think that 
we have to go back to lower standards 
of living because they see no way out of 
our present difficulty. There are, how¬ 
ever, a substantial number who, knowing 
something of the development of civili¬ 
zation, do not regard the evidence pre¬ 
sented as justifying either a static or a 
retrograding standard of living. Our 
assemblage around this table, made up 
of all classes of scientists and industrial¬ 
ists, consists of all the taknts from that 
group of our American people who do 
not believe the world is finished or that 
we must curtail human effort and desire. 
But on the other hand we do believe that 
the only way out of our present diffi¬ 
culty is forward and not backward. To 
those of us who have spent most of our 
time in experimental and developmental 
work failure is a common thing and if 
we gave up the principle every time an 
experiment failed we would accomplish 
nothing. If common sense dictates that 
our objectives are sound, we must keep 
on failing and learning and failing un¬ 
til the objective is obtained. 

Our civilization as a whole is new. 
This is the first time in the history of 
the world that such a civilization has 
been in existence. It in itself is an ex¬ 
periment, and just because we have en¬ 
countered difficulty is no cause for de¬ 
spair. We must find out what is wrong 
and then remedy it, but we must not 
give up hope of a better and more secure 
life. 

Almost every group of human society 
has been blamed for our difficulty, and 
the group which we represent has come 
in for a good measure of criticism. Most 
of this has come from people who do not 


know, either through the lack of imagi¬ 
nation or experience, how to project the 
future. We welcome criticism and are 
open to suggestions as to how to do our 
work better. We feel that this depres¬ 
sion is just one of the echoes of the great 
war. Nevertheless it is a reality and 
everybody must do what he can to help 
in every way possible to tide over these 
difficult times. 

We are being told that if we develop 
new things we must accept the responsi¬ 
bility to see that they are properly used. 
We can not accept this proposition. 
First of all, we do not know when we are 
developing a new tool of human useful¬ 
ness, and secondly a mind turned in 
fact-finding and experimentation does 
not make either a good politician or a 
social worker. We believe that many of 
the principles that have been developed 
in the physical sciences can be used in 
the study of the social sciences and we 
stand ready to contribute in any way 
that we can to this work. In the con¬ 
ception of any new project few people 
can see its significance, but when difficul¬ 
ties are encountered they always want to 
turn back. Christopher Columbus had 
exactly this experience with his crew, 
and while he did not reach his objective 
the result of his bold voyage resulted in 
a very much more important thing than 
that which he started out to do. 

This same thing holds good in practi¬ 
cally every human undertaking. We 
must believe both in the integrity of the 
people and in the motive which drives 
them on to their new undertaking. We 
must also have an open-mindedness in 
dealing with all new problems. When 
Faraday was experimenting on some of 
his first work in electricity a member of 
Parliament said, “What use can this 
ever be?” He replied, “You may be 
able to tax electrical apparatus some 
day.” 

This has, we all know, come true. In 
the short space of time between the Cen¬ 
tury of Progress of 1933 and to-night, a 
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great many significant steps have been 
made in all branches of science, indus¬ 
try and human relationships. These 
will be discussed by our distinguished 
guests. While no one can predict what 
the significance may be, we know that 
these new things have as great a poten¬ 
tial at 'this time as any other great dis¬ 
coveries had in times past, at their in¬ 
ception. Every activity has before itself 
many great jobs to do. Perhaps one of 
them that concerns us most is with 
health. The doctor has done a wonder¬ 
ful job in his long tedious journey from 
the medicine man of ancient time, with 
his attempt to scare away evil spirits, to 
the present day of scientific approach 
and intelligent diagnosis. It will take 
him many years of the new century to 
understand all the delicate chemical re¬ 
actions that go on in the human system. 
The physicist, the biologist and the engi¬ 
neer are all being asked to lend their 
assistance in this great work. The ex¬ 
hibit of medicine, surgery and general 
health education is one of the most im¬ 


portant in this great exposition, in 
which we have a part. 

Most people think that science and 
industry are interested only in the de¬ 
velopment of labor-saving machinery. 
This is entirely a false notion. But we 
must not forget that for the past 50 
years when the great building of our 
railways, cities and industrial plants was 
going on this labor saving was a most 
important thing because we did not have 
enough people to do the work. And 
only five years ago we had a scarcity of 
labor in this country. We are all very 
much more interested in the production 
of labor-producing projects and inven¬ 
tion than we are in labor saving, and it 
is our desire to present to you to-night 
this point of view. If you will only 
recognize how much there is yet to be 
done that will be of general good to the 
whole human family, then we need not 
worry, but we must be bold enough to 
take those forward steps which will 
bring back prosperity in any measure 
that we desire or in any measure which 
we have imagination enough to conceive. 


By Dr. F. B. JEWETT 

VICE-PRESIDENT OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY AND 
PRESIDENT OP THE BELL TELEPHONE LABORATORIES 


In the field of electrical communica¬ 
tion, with which I am most familiar, the 
history of the recent past and present 
condition of our technical understanding 
and the prospect of enlarged benefits in 
the future are such as to leave no scin¬ 
tilla of doubt in my mind that continued 
activity in research and development 
will be as productive of benefits in the 
years ahead as it has been in those of the 
recent past. While no one in this field 
of applied science, any more than in any 
other, can say specifically and with cer¬ 
tainty just what can be accomplished in 
the next five, ten or twenty years, we do 
have very definite assurance of the possi¬ 
bilities of substantial accomplishment 
and of the general directions in which 


these accomplishments are to be looked 
for. 

Substantially all present-day electri¬ 
cal communication, which has given the 
world its far-flung and extensive net¬ 
work of telephone and telegraph commu¬ 
nication facilities by wire and radio, 
with its direct and indirect employment 
of hundreds of thousands of men and 
women, has been accomplished in the 
period since the time of the Centennial 
Exposition in 1876. All of it has been 
the direct result of painstaking research 
in fundamental and applied science. 
While the groundwork of our present 
structure is laid in the fundamental 
science discoveries of the nineteenth cen¬ 
tury, practical application of these dis- 
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coveries in 1876 was confined to essen¬ 
tially primitive forms of land and 
submarine cable telegraphy. Had scien¬ 
tific research and development in this 
field ceased or been materially retarded 
with the holding of the Centennial Ex¬ 
position, electrical communication would 
have continued to be essentially a weak 
and insignificant tool in our social struc¬ 
ture. It would have afforded little di¬ 
rect employment and would have been 
but little effective in building up and 
bettering our social structure. 

In 1876 there was no art of telephony 
whatever. There was likewise no art of 
wireless transmission either for point-to- 
point, person-to-person or broadcast 
transmission of intelligence. There was 
no way possible of communicating intel¬ 
ligence to mobile objects, sjch as ships, 
beyond that afforded by the slow meth¬ 
ods of visual signaling within the lim¬ 
ited area of the visual range. There was 
no art of recording and reproducing 
sound, such as is involved in our mod¬ 
ern phonographs and talking motion 
piotures, both of which are the direct by¬ 
product results of research and develop¬ 
ment work in the field of electrical com¬ 
munication. 

In the period which has elapsed since 
the time of the Centennial Exposition, 
and particularly during the last twenty- 
five years, progress in the field of elec¬ 
trical communication and in related 
fields, as a direct result of scientific re¬ 
search and development, has been enor¬ 
mous. New arts of inestimable value to 
society have come into being, have given 
rise to remunerative employment to hun¬ 
dreds of thousands of men and women, 
and have added materially to the better¬ 
ment of living conditions. The direct 
results definitely allocable to these ad¬ 
vances through science, while enormous 
in themselves, are insignificant as com¬ 
pared with the indirect results which 
have followed in the train of a quick, 
reliable and world-wide introduction of 


electrical communication in all its varied 
aspects. If we were overnight to elimi¬ 
nate the results of research and develop¬ 
ment work in the field of electrical com¬ 
munication during the past twenty-five 
or even the past ten or fifteen years, the 
dislocation of the social and industrial 
structure would be appalling. Many of 
our everyday activities would be enor¬ 
mously curtailed, many of them could 
not be carried on at all, and vast num¬ 
bers of the population now gainfully 
employed would be added to the army 
of the temporarily unemployed. 

The processes by which our present- 
day results have been achieved through 
continued scientific research and devel¬ 
opment have been accompanied by a 
steady progress in the methods and tools 
by which this type of progress can best 
be accomplished. We have to-day, in 
the numerous great industrial research 
laboratories concerned with the prob¬ 
lems of electrical communication, pow¬ 
erful weapons for attacking the prob¬ 
lems of the future and for making full 
and immediate use of every discovery in 
the field of fundamental science which is 
applicable to a betterment of electrical 
communication. We have a vast store of 
accumulated knowledge and a greatly 
increasing amount of information as to 
where further effort can be applied to a 
betterment of electrical communication. 

We know that despite all that has al¬ 
ready been done, there are still great 
opportunities for the improvement, ex¬ 
tension and cheapening of our present 
systems of telegraphy and telephony. 
We know that unless our present efforts 
are artificially restrained through short¬ 
sighted conclusions predicated on a nar¬ 
row viewing of the current effects of the 
depression, we can very greatly extend 
and cheapen the facilities of electrical 
communication to the very great benefit 
of the entire social and economic struc¬ 
ture. There is no sound basis for believ¬ 
ing that achievement of these prospec¬ 
tive objectives, through continued scien- 
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tiflc research and development and prac¬ 
tical application of the results, will have 
any different effect on employment and 
standards of living in the future from 
that which has been the invariable result 
in the past. 

In the past, in the field of electrical 
communication, every substantial step 
forward through scientific research and 
development has carried with it in¬ 
creased employment and has been in the 
direction of a better standard of living. 
Whole arts have been created to afford 


employment to vast numbers of people 
where no employment whatever obtained 
before. Each extension of service and 
each thing which has resulted in cheap¬ 
ening or bettering the service has like¬ 
wise resulted in increased direct and in¬ 
direct employment. It is inconceivable 
to me that continuation along the path 
which we have been following will carry 
in its train a complete reversal of these 
results or even a substantial modification 
in the effects on employment and living 
conditions. 


By Dr. W. R. WHITNEY 

VICE-PRESIDENT IN CHARGE OP RESEARCH, GENERAL ELECTRIC COMPANY 


Among the future developments which 
immediately suggest themselves are: 

Air conditioning-temperature and hu¬ 
midity control, in homes, offices, schools, 
hospitals and other public buildings; 
light, stream-lined, low center of gravity 
trains for speeds of 100 to 200 miles per 
hour; electrification of all railroads; 
trunk highway systems avoiding cities 
and towns and separating passenger cars 
from trucks; highway lighting, making 
high-speed night driving safe; flying at 
high altitude for increased velocity and 
economy, automatic piloting and landing 
control from ground; complete substi¬ 
tute for visual control, perhaps includ¬ 
ing micro-altimeters and micro-fathom¬ 
eters, for making flying and navigation 
safe in thick weather; home teletype by 
radio, giving up-to-the-minute news; 
home motion pictures by radio; home 
television for events of interest; reduc¬ 
tion in cost of power as by mercury 
boiler, coal used at mine, etc.; high 
voltage, direct current transmission, re¬ 
ducing power costs and extending eco¬ 
nomic radius; new materials—improved 
textiles, new synthetic resins replacing 
wood, metals and other natural materials 
for many purposes; new alloys, new 
structural materials giving better heat 
and sound insulation; production of new 
and useful mutations and control of 


malignancies by x-rays; elimination of 
needless noise; elimination of slums, ex¬ 
tension of parks, widening and beautify¬ 
ing city streets; household drudgery 
ended by complete electrification of 
every home; all routine industrial and 
clerical jobs made wholly automatic; in¬ 
creased productive efficiency, resulting 
in more goods for all, with greatly re¬ 
duced working hours. 

These items are mostly in the engi¬ 
neering stage already. That is, the 
scientific discoveries on which they are 
based are already at hand. Scientific 
work, or careful curiosity, has always 
disclosed unexpected facts on which new 
engineering is based. Almost every one 
of our great engineering assets was at 
first a mere useless scientific curiosity. 
This is true of gas engines and of alu¬ 
minum, for example. It is true of elec¬ 
tricity and most of its applications. For 
years electric welding (which now ac¬ 
counts for miles of pipe lines) was 
largely a curiosity. Radio, itself, was 
unforeseen and is the result of scientific 
curiosity, while radio tubes, for genera¬ 
tion and for reception, were not antici¬ 
pated, but discussed as novelties of 
science. 

Moreover, we ought to expect science 
to start even more wide-spread engineer¬ 
ing developments in the future than in 
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the past, because there are widely 
spreading fields and more distant areas 
in which the inquisitive are now work¬ 
ing 

Certainly one can not foresee or pre¬ 
dict the particular new science dis¬ 
closures of the future. They have 
usually been unneeded for a while, even 
after disclosure. In other words, we 
have to get the assets and then apply 
them before they possess real value. 
Judging from history, we can expect 
continuing changes in engineering de¬ 
velopment as long as inquisitive men are 
at work and we can not foresee them any 
better than men foresaw steam engines. 
This principle of discovery first and 
utilization after is the oldest thing in 
man’s history. 

I have seen a tiny electric motor run¬ 
ning directly by sunlight. A Jules 
Verne might picture the advantages of 


every one having a powerful helio¬ 
electric center in his back yard, but that 
is not a fair use of science in this case. 
It only serves to show how much we still 
have to learn. 

Science to-day is smashing atoms, 
transmuting them into other elements, 
transforming matter into energy and 
discovering new fundamental things, 
such as the positron, the neutron, the 
deuton, and now the triton. No one can 
foresee the applications of this new 
knowledge, but the electron brought us 
long distance telephony, radio broad¬ 
casting, talking pictures, television and 
scores of useful automatic controls. 
Surely from its newly discovered col¬ 
leagues we may confidently expect in 
time applications of equal or greater 
importance. 

Since the stone age, men have thought 
the world was finished, but history shows 
that only one thing is certain—change. 


By Dr. ARTHUR H. COMPTON 

PROFESSOR OF PHYSICS, UNIVERSITY OF CHICAOO 


The scientist is society’s scout who 
goes far into nature’s new territory and 
brings back a report of what lies there. 
Almost every new wave of technological 
advance has followed upon some impor¬ 
tant new discovery by these scientific 
scouts. The studies by Watt and Car¬ 
not of the properties of steam ushered in 
the first great era of mechanical power. 
The discovery of electromagnetic induc¬ 
tion at the beginning of the century of 
progress which has just passed made 
possible the electrical industry with the 
great changes in living which that has 
implied. In the discovery of electrons 
and their emission from hot wires was 
born that vigorous youth, the radio in¬ 
dustry. Such examples are sufficient to 
indicate that with further advances of 
science new industries may be expected 
to arise which will change our mode of 
life, much as our present way of living 
differs from that of our grandfathers. 


Contrary to the thought sometimes ex¬ 
pressed that the great finding of physics 
and chemistry have already been made, 
there seems no indication that our dis¬ 
coveries have begun to exhaust the possi¬ 
bilities of nature. On the other hand, 
techniques for making discoveries have 
been so developed, and the number of 
trained men carrying on scientific rer 
search has so rapidly increased that we 
may expect the next generation to see 
more great advances in science even than 
the last. The direction of science’s im¬ 
mediate future is indicated by the lines 
of study which are just now being em¬ 
phasized. A telescope mirror of four 
times the light-gathering power of our 
present best instrument is being con¬ 
structed which will enable man to see 
farther into space than ever before. 
Great high voltage equipment is almost 
completed which will form a new tool'for 
investigating the inner citadel of the new 
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atom where its precious store of energy 
is hidden. Powerful instruments are 
being built for observations in different 
parts of the world to study those mys¬ 
terious visitors from outer space which 
we call cosmic rays. The methods of 
physics and chemistry which have 
proven so effective in their own fields are 
being extended to the study of growing 
cells with striking results. 

Our telescopes and spectroscopes have 
shown us rather definitely the size of our 
vast universe. It is reasonable to sup¬ 
pose that we shall soon find some 
knowledge regarding the ancient history 
of that universe. Has it been in ojiera- 
tion forever, or did it start at some more 
or less definite time in the ancient past ? 
If the latter guess is correct, we may 
hope to learn the when and perhaps the 
how of that great beginning. One ap¬ 
proach to this question comes through 
the cosmic rays which have perhaps been 
coursing through space since the begin¬ 
ning of the world, and may thus carry 
with them an account of those begin¬ 
nings we are already making in the labo¬ 
ratory of Madame Curie and elsewhere 
—artificial radioactive elements. Where 
will these lead? Very probably to the 
creation of useful new forms of matter. 
There is a remote possibility that such 
experiments may lead to a new store of 
available energy, and if so, the magni¬ 
tude of that energy should be tremen¬ 
dous. We do not yet know, however, 
whether this great store of atomic en¬ 


ergy can be put to our use, much less can 
we suggest how. 

In an age when available power is a 
problem of great importance, the possi¬ 
bility of synthetically preparing chloro¬ 
phyll, and through its action store in 
chemically the power from the sun in a 
more efficient way than can be done 
through the growth of plants, is an en¬ 
ticing one. It would seem highly prob¬ 
able that physical and chemical methods 
of making artificial living cells will be 
developed. Enough progress toward 
understanding the processes involved has 
already been made to predict that this 
further great step is probably in the not 
distant future. This of course has little 
direct relation to life in its more com¬ 
plex forms, such as plants and animals. 
It required millions of years for nature 
to evolve these organisms; nevertheless, 
if artificial life in its simplest form can 
be produced, its significance in supply¬ 
ing man with new powers and in chang¬ 
ing perhaps his complete mode of ex¬ 
istence can hardly be overestimated. 

Perhaps these glimpses into what the 
future of physics and chemistry may 
have in store will serve to suggest the 
great possibilities which are yet ahead. 
Unless civilization utterly fails us and 
removes from the followers of science 
the means whereby research can be car¬ 
ried on we may confidently anticipate a 
continued and rapid growth of our 
knowledge of nature and with that 
knowledge a growth of men’s powers. 


By Professor ROBERT A. MILLIKAN 

CHAIRMAN EXECUTIVE OOUNC1L, CALIFORNIA INSTITUTE OF TECHNOLOGY 


The progress of civilization consists 
merely in the multiplication and refine¬ 
ment of human wants. Leave the human 
spirit free for the development of science 
and education and no bounds can be set 
to the possible fullness of life of the 
average citizen of the IJnited States in 
the coming century. But destroy the 


freedom of that spirit either by the 
blight of another world war or by the 
more insidious blight of what Herbert 
Spencer called the coming slavery—too 
much stateism—and the dream may be 
spoiled. 

In my own field of physics we seen no 
end to the road. 
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By Dr. ARTHUR A. NOYES 

DIRECTOR OF THE OATES CHEMICAL LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY 

In my own field, chemistry, and in in the promotion of health and efficiency 
science generally I feel sure that if sci- through biochemical investigations. It 
entific and industrial research are stimu- is true there is always likely to be a 
lated and not handicapped there will temporary maladjustment of industry 
result in the future as in the past a and employment which must be broadly 
stimulation of the wants of men and a handled by industry and the govern- 
much greater employment of labor than ment if necessary. The results of fail- 
the unemployment resulting from dis- ure to do so must not be attributed, as 
placement of old industries. Recent it is by some persons, to the advance of 
chemical research affords striking illus- science, from which our modern civiliza- 
trations, such as development of light tion has largely resulted, but to indus- 
metals of modified steels, the numerous trial social and political failure to meet 
cellulose industries, and most strikingly rapidly new situations. 

By Dr. JOHN C. MERRIAM 

PRESIDENT, CARNEGIE INSTITUTION OF WASHINGTON 

I am in agreement with you regarding I express my belief in the effort to secure 
the importance of the development of such understanding of our present situa- 
science and industry and a broad vision tion and of the conditions which govern 
of policies relating to future progress, human activities that we may be able to 
An attempt to secure a safe foundation develop policies of the most constructive 
of fact and to develop a clear vision of type and open the way for advance with 
opportunities for the future represents a minimum of loss and the maximum of 
one of our great responsibilities. May advantage for the future. 

By Dr. G. H. PARKER 

PROFESSOR OF ZOOLOGY, HARVARD UNIVERSITY 

Biologically speaking it is fair to say the progress of the next two million 
that man’s social progress is now only at years is as inevitable as that of the last, 
its beginning and that the two million and when we have reached this new goal 
years that separate us from the cave- such events as the present depression 
man mark only the start of human life; will have vanished beyond recognition. 

By Dr. RAYMOND PEARL 

PROFESSOR OF BIOLOGY AT JOHNS HOPKINS UNIVERSITY 

I am of the opinion that we are on the tory to increase the power of lower 
threshold of advances in biology gen- organisms to utilize their available re- 
erally, and particularly human biology, sources in food material and energy for 
that will fundamentally alter our out- vital processes, such as growth and dura- 
look. Progress in biology in the next tion of life from three to ten times over 
decade, comparable in significance to their usual performance with corre- 
that in physics in the last decade, may sponding relative increases in size, 
confidently be expected. longevity, and so forth. 

Already we know how in the labora- Developments and applications along 
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these lines are likely to come in the not 
too distant future. Our greatest need 
now is for more encouragement and sup¬ 
port of research in human biology to 


make possible a better social integration 
between human beings in the mass, and 
discoveries and advances in the indus¬ 
trial field. 


By Dr. J. McKEEN CATTELL 

EDITOR OF SCIENCE AND THE SCIENTIFIC MONTHLY 


Scientific research and the applica¬ 
tions of science in the course of 150 
years have increased fourfold the pro¬ 
ductivity of labor; they have doubled 
the length of life. Science has made it 
possible for each to work at routine 
tasks half as long as formerly and at the 
same time to consume twice as much 
wealth. Fourteen hours of labor, shared 
by women and children, once provided 
hovels, lice and black bread for most 
people, luxury for a few. Seven hours 
of labor will now supply comfortable 
homes, warm clothes and healthful food 
for all. If the resources provided by 
science were properly distributed—as 
they will be when we have an applied 
science of psychology—there is now 
sufficient wealth to enable all to share in 
the desirable luxuries that science has 


created—running water, electric house¬ 
hold equipment, telephones, automobiles, 
radios and the rest—and to enjoy in full 
measure the most nearly ultimate goods 
of life—home, friends, things to do, free¬ 
dom, self-respect. 

The applications of science have abol¬ 
ished slavery and serfdom, the need of 
child labor, the subjection of woman; 
they have made possible universal edu¬ 
cation, democracy and equality of oppor¬ 
tunity, and have given us so much of 
these as we have. Science has not only 
created our civilization; it has given to 
it the finest art and the truest faith. 
During the coming century, the advance¬ 
ment of science should be the chief con¬ 
cern of a nation that would conserve and 
increase the welfare of its people. 


By Drs. WILLIAM J. and CHARLES HORACE MAYO 

MAYO CLINIC, ROCHESTER, MINN. 


The discoveries of Pasteur and Lister 
have resulted in the elimination of con¬ 
tagious disease through preventive medi¬ 
cine. The average life of mankind in the 
time of Queen Elizabeth was twenty 
years. To-day the average is fifty-eight 
years for man and sixty-one for woman, 
who is biologically more important. 

As the life span has increased, dis¬ 
eases of later life, that is, cancer and 
diseases of the heart and the blood ves¬ 
sels, have taken the major toll. Remark¬ 
able advances have been made by new 
methods not only in the diagnosis of 
cancer, but in its cure, so that the per¬ 
centage of cures in recent years has been 
doubled. Marvelous progress has been 
made in a better understanding of dis¬ 


eases of the heart, the blood vessels and 
the kidneys, which to-day have been 
brought into the field of preventive 
medicine. 

Much of this new knowledge has been 
brought about by better understanding 
of heredity in relation to constitutional 
liabilities. The scientific discoveries of 
to-day are becoming the handmaidens of 
the medicine of to-morrow. 

Seventy-five per cent, of the energy 
produced in the human body is not 
under conscious control. Certain small 
inconspicuous glands of internal secre¬ 
tion, which act through the sympathetic 
nervous system when affected, are re¬ 
sponsible for many of the physical and 
mental disorders of man. 
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These recent discoveries in medicine 
are leading to astonishing results, and 
give a prospect that the life of man will 
soon reach the Biblical promise of three 
score and ten. 

The people of America base their 


hopes of sound democracy on education, 
so that government which now is con¬ 
trolled too largely by emotions may be 
more intelligently administered. The 
medical profession is one of the great 
forces in bringing about social progress. 


By Dr. RAY LYMAN WILBUR 

PRESIDENT OF STANFORD UNIVERSITY 


Far from being finished, the human 
family and our social organization are 
not even started. We have uncovered 
the geography of the world and are be¬ 
ginning to put various universal laws 
into service. Every time our research 
^workers develop a new fact, new possi¬ 
bilities of advance are opened up. Our 


nation has benefited more than any 
other from discoveries and inventions. 
This is a period of readjustments follow¬ 
ing a great war. If we can preserve our 
liberties and retain for the individual his 
freedom of action and exploration into 
the unknown, we will find new ways to 
go forward. 


By ALFRED P. SLOAN, Jr. 

PRESIDENT OF THE GENERAL MOTORS CORPORATION 


It is tremendously encouraging to be 
assured by men who speak with au¬ 
thority that science is ready to show the 
way to greater industrial progress and 
thus to higher standards of living and 
greater opportunities for all. 

In calling together the leaders of sci¬ 
ence and industry for our meeting on 
May 25, we asked two questions: 

4 4 What is to be the progress of science 
and industry during the next decades t” 
4 4 Is there any logical reason to assume 
that progress is to be halted at this par¬ 
ticular point in our development ? * ’ 

The contributions of these men who 
are in actual contact with the problem 
show that the world is in no sense fin¬ 
ished; that great thought and effort is 
being expended and real progress ef¬ 
fected toward better things that affect 
all phases of our daily lives. They con¬ 


firm the belief that the very progress of 
the past insures still more progress in 
the future and at an accelerated rate, if 
we have the breadth of view-point and 
the knowledge of the facts to properly 
manage our affairs. 

The assurance of these leaders that 
scientific progress is not a thing of the 
past is a challenge to America not to be 
satisfied with a static position either in 
our thinking or in our actions. It is a 
challenge to us to continue to encourage 
and reward constructive efforts and to 
retain the principles which have made 
this country what it is. 

If we accept this challenge we will ac¬ 
celerate the processes of natural recovery 
that we all believe are very definitely in 
the making throughout the world. We 
will build a sound foundation for a still 
greater future. 



MAKING THE GLASS DISK FOR A 200 INCH 
REFLECTING TELESCOPE 

By Dr. GEORGE V. McCAULEY 

CORNING GLASS WORKS, CORNING, N. Y. 


To the scientist and research worker 
the casting of a glass disk for an astro¬ 
nomical telescope must seem a very sim¬ 
ple task. One constructs a mold the size 
of the mirror, an annealing oven which 
will contain the mold when filled with 
glass, melts a sufficient quantity of glass 
in some sort of furnace, transfers the 
molten glass into the mold, places the 
mold with its load of glass into the an¬ 
nealing oven, and finally, depending 
upon the size of the article and the 
known annealing constants of the glass, 
controls the rate of cooling of the glass 
in the annealing oven until room tem¬ 
perature is reached when the glass may 
be removed as the desired mirror blank. 
At least that is how it appeared to the 
laboratory staff of the Corning Glass 
Works when the problem of making a 
200 inch reflector for the California 
Institute of Technology was placed be¬ 
fore them by the observatory council 
of that institution late in 1931. This at¬ 
titude may have been born of ignorance 
of the dangers ahead or of a complete 
lack of any traditional ideas in the minds 
of that organization as to the proper 
methods for casting large telescope disks. 
At any rate those entrusted with the task 
had complete confidence in the ability of 
the laboratory and engineering facilities 
at their command to succeed. With this 
confidence, and armed with a full knowl¬ 
edge of the melting, working and anneal¬ 
ing properties of the glass they could 
see no great obstacles. 

The detailed accomplishment of the 
various steps in the process belongs more 
precisely to the realms of engineering 
than to those of the pure sciences. 


Since, howe\er, the purpose of the whole 
endeavor wbs to produce a tool for 
scientific research, an account of the en¬ 
gineering problems encountered and of 
the regular glass industry practises em¬ 
ployed will be of interest to all. 

The forming of glass objects by melt¬ 
ing broken pieces of glass at low tem¬ 
perature in a mold of ceramic materials 
dates from antiquity. It is not possible, 
however, with all types of glass to se¬ 
cure articles by this method clear of ob¬ 
jectionable gas bubbles resulting from 
entrapped air and unsightly wisps of 
crystallization marking the original ex¬ 
posed surfaces of the individual pieces of 
glass. These defects are particularly 
noticeable with the low expansion 
borosilicate glasses, of which it was de¬ 
sired that the 200 inch disk be made. It 
was evident, therefore, that the disk 
would have to be cast from the molten 
state by transferring the glass by one 
of the many known methods of the in¬ 
dustry from a melting unit to a suitable 
mold. 

A mold material suitable for casting 
glass must possess certain properties. In 
the first place, it must have sufficient 
strength to sustain the load of the glass. 
Secondly, a certain degree of refractori¬ 
ness is essential to withstand the tem¬ 
perature of the molten glass without 
fluxing. Thirdly, sufficient insulating 
qualities are needed to prevent too rapid 
cooling and hence excessive tensile 
stresses in the parts of the glass in con¬ 
tact with the mold during the forming 
process. And finally porosity of the 
mold serves the usual purpose in cast¬ 
ing any molten material and especially a 



illagbly riseotisone. Without outlets for 


bubbles form. These increase in size by 
^fetoe of the high temperature of the 
vghMissnd form “blow holes” in the oast* 


research necessary to perfect a 
^twrtd material with these properties, as 
indeed was the case for many of the prob- 
v terns involved, consisted largely of find¬ 
ing a commercial product, which ap¬ 
proximated the requirements and then 
■ applying the heeded modification to 
wotk. The mold was thus made 
from a commercial high temperature in¬ 
sulating brick which admirably pos¬ 
sessed the qualities of strength, porosity 
and insulation. It was also soft enough 
to be sawed readily in any desired 
ti&ilffl*. By applying a simple coating in 
the form of a thin wash of silica flour its 
refractoriness was increased and to its 
surface was given friability which sub¬ 
sequently insured easy removal of the 
glass from the mold and incidentally 
prevented the evolution of small bubbles 
ctf gas from die surface of the mold after 
the prolonged heating following the 
easting operation. 

, The making of the mold was some¬ 
what complicated by a desire to obtain 
the requisite rigidity in the large disk 
with reduced weight. In accordance 
With the age-old tradition of making the 
mirror thickness one sixth its diameter, 
the 200 inch mirror would have been 
nearly thirty-four inches thick and 
would have weighed over forty tons. 
While the astronomers are very anxious 
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ready been cast and annealed is 
which the novice might be expected!® 
arrive with compass and paper after 
learning that a regular hexagon can be 
inscribed hi a circle with the side of the 
hexagon equal to the radius of the cir* 
ole. 

The form, however, besides suggesting 
an elementary theorem in plane geome¬ 
try, serves several useful purposes 
from the standpoint of glass casting and 
mechanical strength. The straight ribs 
intersect the round ones, forming the 
points of support at right angles, and 
hence acute angles around which stresses 
may be high are avoided. Also the 
straight, ribs with the points of support 
are in straight lines which makes for 
continuous ribs across the disk in three 
directions. 

In making the mold masons became 
pattern makers, using blocks of ceramic 
material instead of blocks of wood. The 
cores for the mold were formed by 
cementing together shapes cut from 
bricks. With the cores fashioned they 
were located on the floor of the mold by 
means of a wooden template comprising 
one sixth of the area of the mold. These 
cores were then anchored in place with a 
metal plate and rod at whose lower end 
a spring under compression sufficed to 
take up the differential expansion be¬ 
tween anchor and core during the pour¬ 
ing process. 

The annealing oven, white intricate 
in detail, is after all quite simple. It 
is in reality a “black body” enclosure 
whose walls are maintained Mi a uniform 


for increased diameter of mirror they do temperature by a system of uniformly 
uot want the increased weight that goes distributed electric heating unita con* 
with it To meet these demands a ribbed trolled by thermocouple! in 
structure was decided upon. This gave with automatic temperature • 

the required rigidity with an overall A simple mathematical cdculatiou ^ 
thickness of twenty-five inches and a flees to tell the power input /rWpdrad, .' 
weight of twenty tons. The general and hence the size of beati^'^^^ 

. form of this structure as seen from pho- maintain a given inside tempewtu^i|S|;'v. 
tographs of the 30 inch flat, 60 inch con- a fixed degree of insulation .-f 
vex and 120 inch test flat which has al- To keep the power consumption 
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MOLD FOR 200 INCH DISK 

The large central cork produces the 40-inch hole required in the center ok the disk. 
The remaining system of cores produces the ribbed structure to the disk. 



ABOVE IS THE INTERIOR VIEW OF THE POURING FURNACE 

Below is the 60*ton screw hoist for transferring the disks from pouring to annealing 


FURNACES. 
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annealing low the insulation of the kiln 
was of course given considerable atten¬ 
tion* In its entire construction no metal 
passes unbroken from the interior heated 
portion of the outside, although the kiln, 
weighing many tons, is suspended by 
rods from an overhead steel structure to 
permit the insertion of the disk with its 
mold from below. All suspension rods 
are broken with an insulating medium 
under compression at the break. Thus 
the circular vertical wall and the roof 
of the kiln are suspended from above 
with fixed electrical connections to the 
source of power. The floor of the kiln is 
built under the mold on the table of a 
sixty-ton screw hoist with flexible elec¬ 
trical connections to the power supply. 
When lifted into position the side wall of 
the lower part of the kiln telescopes with 
that of the upper into a ring of insulat¬ 
ing powder and completely seals the 
glass in the center of a ‘ 4 black body” 
furnace. 

The method one employs for transfer¬ 
ring the molten glass from a melting 
unit to the mold depends somewhat on 
circumstances of location and on the na¬ 
ture of the glass. When one pours a 
highly viscous liquid such as the pro¬ 
verbial “molasses of January” from the 
barrel to the pitcher one entraps bub¬ 
bles of air in the pitcher and these 
do not escape readily because of the 
viscous state of the molasses. And so it 
is with the pouring of molten glass. It 
is very difficult to avoid introducing 
these bubbles; hence some provision 
should be made for their removal. In 
doing this one has the choice of either 
transferring the glass to the mold very 
quickly at a high temperature so that 
the viscosity of the glass after casting is 
still low enough to permit bubbles to rise, 
or to provide means for reheating the 
glass in the mold during and after pour¬ 
ing. The first plan becomes increas¬ 
ingly difficult as the quantity of glass to 
be transferred becomes greater and. as 
we pass from the more fluid crown 


glasses to the viscous borosilicates be¬ 
cause of the enormous quantity of heat 
that must be dissipated quickly and the 
increased viscosity which retards the rise 
of bubbles under the action of gravity. 
Consequently in the making of the 200 
inch disk recourse was had to the sec¬ 
ond pl&n above. 

A round furnace structure or 4 ‘igloo,” 
as it came to be called, was suspended 
from an overhead carriage, in a manner 
such that the mold could be elevated with 
its upper rim in contact with that of 
the underneath portion of the structure 
above. When sealed in this position the 
mold and hood above constituted a closed 
furnace which could be heated with 
many gas burners around its periphery 
to a temperature of 1350° C. This en¬ 
abled any desired temperature to be 
maintained while the glass w r as being 
transferred to its mold and permitted 
subsequent heating after the mold was 
filled to cause the escape of all entrapped 
gas bubbles. 

For the construction of the pouring 
furnace the same light, refractory insu¬ 
lating brick was employed as was used 
in the mold. This kept the suspended 
weight on the overhead carriage to a 
minimum and insured the attainment of 
the desired temperature for the removal 
of bubbles. 

The carriage support for the potiring 
furnace provided for moving it out of 
the way while building the mold on the 
table top of the screw hoist, which like¬ 
wise was movable on its carriage on the 
floor below in a direction at right angles 
to the motion of the pouring furnace 
carriage. Thus after transferring the 
glass to its mold and reheating to free 
from bubbles it was an easy matter by 
pressing a button to lower the fifty-ton 
load of glass, mold and bottom portion 
of annealing kiln, shift the whole as¬ 
sembly laterally with the hoist carriage, 
and raise into position inside the an¬ 
nealing kiln. 

The large quantity of molten glass re- 
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LADLE OF MOLTEN GLASS ON WAY TO MOLD 
The ladle hanger, trolley and balancing clevis are clearly shown. Over the him of 

THE LADLE BOWL 18 THE EDGE OF CHILLED GLASS THAT SERVES AS AN ANCHOR FOR HOLDING THlf 

1 ( LADLE SKIN * * WHILE POURING. 



POURING FURNACE OR 4 * IGLOO * ’ 

USED FOR CASTING THE 200 INCH DISK. THE LADLE OF GLASS IS SHOWN IN THE PROCESS OF 

POURING INTO THE 200 INCH MOLD. 
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ASSEMBLED VIEW OF THE ANNEALING KILN 

WHILE TnE 120 INCH DISK WAS IN PROCESS OK COOLING. THE SAME KILN IS BEING USED FOB THE 

200 INCH DISK. 


quirud is best supplied from a melting 
unit known to the glass industry as a 
“tank.” This is nothing more than a 
large pool of molten glass contained by 
walls of refractory ciay over which a 
brick structure closes the space into 
which fuel is burned as in the open 
hearth furnace of the steel industry. It 
is possible in this manner to secure a 
large volume of glass of more uniform 
physical properties than if melted in 
many small pots, as has been the custom 
of the past in making telescope disks. 

Many ways, tried and untried, might 
be used for conveying the glass from 
the melting unit to the mold. In the 
actual making of the 200 inch disk, the 
30 inch DISK cast ON MAT l, 1032 method of ladling was selected as the one 
removed from the annealing kiln on JuNs best suited to the particular location, 
l, 1932. as costing less to install and operate for 
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the manufacture of a single disk and as 
having associated with it the least ele¬ 
ment. of chance. This is in part an old 
method employed in the manufacture of 
window glass and was known to work 
well. In this process large iron ladles 
capable of holding approximately 750 
pounds of glass are employed. A swivel 
hanger on a trolley carries the ladle on 
an overhead track for easy transference 
from tank to mold. At the lower end of 
the hanger is a second trolley wheel run¬ 
ning in a clevis attached to the ladle 
handle and extending parallel with it. 
This clevis permits the point of suspen¬ 
sion of the ladle system to shift with the 
load. When empty, balance is obtained 
at the far end of the clevis, and when 
loaded, at the near end with respect to 
the bowl of the ladle. 

In filling the ladles attention must be 
paid to the viscous nature of the glass. 
Passage of the ladle rim through the 
glass can not be hurried if one wishes to 
fill the ladle with a single and simple 
dipper motion. The ladle enters the 
tank in an inverted position after being 



60 TNCH DI8K CAST ON JULY 13, 1932 

REMOVED FROM THE ANNEALING OVEN ON SEP¬ 
TEMBER 19, ]932. 

thoroughly cooled with water. It is then 
dipped down and a slowly rotating mo¬ 
tion imparted about the handle as an 
axis turning in bearings in the balancing 
clevis. One edge of the ladle rim thus 
cuts through the glass and cups out that 
portion of glass which fills it. The ladle 



SYSTEM OF AUTOMATIC CONTROLLERS THAT MAINTAIN THE TEMPERATURE 
DURING THE ANNEALING PROCESS 
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is then returned to its horizontal po¬ 
sition and withdrawn from the tank 
with the point of suspension automati¬ 
cally changing in the clevis. The surplus 
glass adhering to the entering rim of 
the ladle during filling is now removed, 
leaving enough chilled glass projecting 
over the rirn to act as an anchor for hold¬ 
ing the viscous 44 ladle skin” next to the 
metal on the ladle while pouring from 
the other rim in the mold. This 14 ladle 
skin” is then returned to the far, or 
filling, end of the tank to assist in main¬ 
taining the level of the glaSvS in the tank 
as near the initial point as possible. 

The regulated cooling or 44 annealing” 
of the glass disk is largely automatic. 
Temperature controllers, ten in number, 
hold the temperature at ten scattered 
points in the inner surface of the kiln 
at whatever value the operator sets the 
dials. A constant temperature of 500° 
C. will be needed for fifty days to relieve 
stresses. By decreasing the dial setting 
of one after the other of these instru¬ 
ments at three-hour intervals, the tem¬ 
perature of the entire kiln is then re¬ 
duced one degree centigrade in thirty 
hours. Thus the disk is gradually cooled 
to room temperature when it will be 
ready for inspection and shipment. 

With disks of 30, 60 and 120 inches 



120 INCH DT8K CAST ON JUNE 24, 1933 

REMOVED FROM THE ANNEALING KILN ON DE¬ 
CEMBER 10, 1933. 


in diameter successfully cast and an¬ 
nealed with ribbed structures and the 
glass for the 200-inch mirror cast into 
its mold, it should now seem certain that 
even larger disks could be made by em¬ 
ploying the methods and equipment out¬ 
lined here. 









* THE PROGRESS OF SCIENCE 


PRESENTATION OF THE MEDALS OF THE NATIONAL ACADEMY OF 

SCIENCES 


One of the outstanding events at the 
spring meeting of the National Acad¬ 
emy of Scienees»is the award of medals 
and honorariums in recognition of note¬ 
worthy accomplishments in research. 
The National Academy has nine “medal 
funds/’ and on the evening of April 24 
it conferred honors upon five distin¬ 
guished men of science. President W. 
W. Campbell, who gave the address at 
the dinner at which the medals were 
presented, emphasized that “the acad¬ 
emy’s ability to confer honor upon its 
members and others of high achieve¬ 
ment proceeds from the honors con¬ 
ferred upon the academy by its mem¬ 
bers through their accomplishments in 
the advancement of knowledge.” 

Short presentation addresses by mem¬ 
bers of the academy accompanied the 
award of the medals. These, in part, 
are reproduced here: 

The Agassiz Medal 

The Agassiz Medal was awarded to 
Bjorn Helland-Hansen, of the Geofy- 
siske Institute Bergen, Norway, in recog¬ 
nition of his work in physical ocean¬ 
ography and especially for his contri¬ 
butions to knowledge of the dynamic 
circulation of the ocean. In his presen¬ 


tation address, Dr. Henry B. Bigelow, 
curator of oceanography, Museum of 
Comparative Zoology, and professor of 
zoology at Harvard University, and 
chairman of the Committee on the 
Agassiz Medal award, said: 

In every advance in oceanography, certain 
names stand forth. And when scientific ac¬ 
counts are cast we find He)land*liansen—often 
linked with his one-time muster and life-long 
associate, Fridtjof Nansen—a key name in de¬ 
velopments that have become integral in modern 
science of the sea, Tt wa-s Helland-Hansen and 
Nansen who first clearly appreciated and pub¬ 
lished to the scientific world the fact that the 
oceans are so uniform over great distances and 
over great ranges of depth that only from the 
most precise measurements and determinations 
can the true physical characteristics of the high 
seas be learned. Nor was this an advance in 
technique only, for practise and theory marched 
hand in hand. And in 1909 Helland-Hansen 
and Nansen jointly published their classic study 
of the Norwegian sea, in which they so accu¬ 
rately traced its essential physical characteris¬ 
tics, with the ebb and flow of the ocean cur¬ 
rents, as to make this at a stroke the best known 
part of the ocean, and their monograph a model 
for all the regional studies in descriptive ocean¬ 
ography that have followed it. In 1903 we find 
Helland-Hansen and 8andstrom (then young 
men) developing a simple and workable method 
by which Bjerkene8 , theoretic analysis might be 
applied numerically to conditions as actually ex¬ 
isting in the sea, with calculation of dynamic 
currents in the waters between Norway and lce- 
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land ns a test case, iiater came Bjcrkones’ 
monumental volumes on * * Dynamic Meteorology 
and Hydrography , 9 ’ following which, and with 
gradual developments in mathematical method 
(in which Heliand-Hansen’s touch is repeatedly 
to be seen) many dynamic studies have been 
made for different parts of the sea. The cur¬ 
rent surveys made on the Grand Banks by the 
International Ice Patrol Service are a direct 
result of Helland-Hnnsen teachings. But again 
it awaited Ilelland-Iiansen, working with Nan¬ 
sen as so often, to apply dynamic calculation to 
accumulated data for a great ocean, and so to 
make clear the circulatory tendencies existing 
on so broad a scale throughout the whole mile* 
deep mass of water. 

Tiie Elliot Medal for 1930 

The Elliot Medal and Honorarium of 
$200 for 1930 was awarded to Dr. 
George Ellett Coghill, professor of com¬ 
parative anatomy and ihembcr of the 
Wistar Institute of Anatomy and Biol¬ 
ogy, in recognition of his work, “Corre¬ 
lated Anatomical and Physiological 
Studies of the Growth of the Nervous 
System in Amphibia.” Dr. Ross G. 
Harrison, Sterling professor of biology 
at Yale University and chairman of the 
Committee on the Elliot Medal, in con¬ 
ferring the honor upon Dr. Coghill, 
made the following statement concern¬ 
ing his work. 

Embryologists have dealt for the most part 
with the development of organic form, disre¬ 
garding the fact that with it goes hand in hand 
the development of activities or function, The 
correlation of those two phases of development, 
because of the difficulties involved, has not re- - 


ceived the attention it merits. It is precisely 
in this field that Dr, Coghill pioneer work has 
won for him a place of high distinction. The 
amphibian embryo, still in its envelopes, shows 
the first muscular movements when its external 
form begins to shape itself and head, trunk and 
tail are easily recognized. The character of 
these movements rapidly undergoes a series of 
changes during the remainder of embryonic life 
until at hatching they are quite complex and the 
young animal is able to shift for itself. The 
progressive changes in reaction have been fol¬ 
lowed by Dr. Coghill step by step in individual 
embryos, and at each stage cases taken imme¬ 
diately after their reactions had been tested 
were preserved and studied microscopically. In 
this way the actual state of differentiation of 
the nervous system in each individual has been 
correlated with its behavior. It has been found 
that a progressive differentiation of nerve cells, 
fibers and sense organs takes place, preceding 
by a short interval the initiation of the corre¬ 
sponding reactions. Associated with differenti¬ 
ation, but in a certain sense antagonistic to it, 
is the process of growth, the study of which 
has required the counting of thousands of cells 
and charting their positions in the spinal cord 
and brain at various stages of development. 
This has involved an immense amount of pains¬ 
taking work which would all have been to little 
purpose, had the task not been approached by 
a man of broad knowledge and subtle insight. 
From nil this has developed a new' conception 
of the origin of nervous function. At no time 
does the nervous system work as a collection of 
independent reflexes, which later become inte¬ 
grated. On the contrary, at each stage it func¬ 
tions as a whole, expanding from stage to stage, 
and as development proceeds, various partial 
functions arise within it as more or less discrete 
reflexes. These investigations of pr. Coghill 
will have a lasting influence in psychology and 
physiology as well as in embryology. 
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The Elliot Medal fob 1931 

The Elliot Medal and Honorarium of 
$200 for 1931 was awarded to the late 
Davidson Black. Dr. Black, a native of 
Canada, was professor of anatomy at the 
Peiping Union Medical College, Peking, 
China, at the time of his death on March 
15, 1934. This award was made in rec¬ 
ognition of his work on an adolescent, 
skull of Sinanthropus pekinensis in com¬ 
parison with arvadult skull of the same 
species and with other hominid skulls, 
recent and fossil. In giving the reasons 
for the aw r ard to Dr. Black. Dr. Henry 
Fairfield Osborn, honorary president of 
the American Museum of Natural His¬ 
tory and a member of the Committee on 
the Elliot Fund, said: 

The honor falls to me of describing his share 
in the discovery and his unique part in the de¬ 
scription according to the very highest stand¬ 
ards of modern prehistoric anthropology, of the 
Peking man, Sinanthropus prhinensis, which has 
already become a classic. These additions to 
the great and highly diversified family tree of 
man were discovered in the years 1926 to 1929 
in a cave fissure deposit about thirty-five miles 
southwest of Peiping, a deposit of very hard 
limestone known for many years to yield rich 
fossil remains of the early Pleistocene period 
estimated at approximately one million years 
ago. Infinite patience and infinite technical 
skill were required to free these fragile speci¬ 
mens from the matrix and a very high order 
of anatomical knowledge to correctly interpret 
them. From 1926 to 1934 Davidson Black has 
devoted his entire strength, energy and skill 
to exposing and examining this series, which 
yielded one type lower molar (1927), two adult 
or nearly adult skulls, six parts of adult and 


immature mandibles, various separate teeth, 
limb and girdle fragments, a wrist bone, pha¬ 
langes, etc. To these remains the scientific 
name moat aptly applies—* ‘the man of China 
found near Peking,’ 1 In a long series of bril¬ 
liant publications, culminating in the mono¬ 
graph of 1931 for which this Elliot Medal is 
given, “On an Adolescent Bkull of Sinanthropus 
pekin ensis in Comparison with an Adult Skull 
of the Same Species and with Other Hominid 
Skulls, Recent and Fossil,'’ all the character¬ 
istics of these specimens were carefully set 
forth, figured and described, with the result 
that Peking man is shown to be extraordinarily 
similar to the Trinil man ( Pithecanthropus ) in 
its form and brain size and structure, while 
differing most widely from the Piltdown man 
of Sussex not only in the beetling forehead but 
in the relatively massive jaw. Thus its closest 
affinity is to the Trinil cranium, while in its 
grinding tooth structure thoroughly human or 
Neanderthaloid. 

The Public Welfare Medal 
The Public Welfare Medal was 
awarded to Dr. David G. Fairchild, 
formerly of the U. 8. Department of 
Agriculture, Washington, D. C\, for his 
exceptional accomplishments in the de¬ 
velopment and promotion of plant ex¬ 
ploration and the introduction of new 
plants, shrubs and trees in the United 
States. Dr. Henry H. Donaldson, mem¬ 
ber of the Wistar Institute of Anatomy 
and Biology and a member of the Com¬ 
mittee on the Public Welfare Medal 
award, who made the presentation ad¬ 
dress, said: 

This medal is awarded for eminence in the 
application of science to public welfare. The 
award was made to Dr. Fairchild: For his ex- 
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ceptional accomplishment in the development 
and promotion of plant experiments; for the 
introduction of new plants, shrubs and trees 
into the United States; and for his services of 
a working lifetime, which have contributed to 
the easy availability of some of our finest fruits 
and vegetables, thus adding to the wealth of the 
nation by opening new lines of activity to Amer¬ 
ican farmers. It is to be noted that this award 
is a recognition of ideal aims guiding long-con¬ 
tinued scientific activity directed to the public 
good. 

The Charles Doolittle Walcott 
Medal and Honorarium 

The Charles Doolittle Walcott Medal 
and Honorarium of $1,350 was awarded 
to David White, senior geologist at the 
U. S. Geological Survey, in recognition 
of his work, published and unpublished, 
on the Precambrian algae life of the 
Grand Canyon of Arizona. In his pres¬ 
entation address, Dr. Charles Schuch- 
ert, chairman of the board of directors 
of the Walcott Fund, told how, as a 
young fossil collector, Walcott's curi¬ 
osity was piqued by finding some drift 
rock containing strange organic remains. 
Eleven years later he found identical 
ones and learned that they were of 
“primordial time.” His interest thus 
strongly aroused led him to become the 
world's authority on the life and his¬ 
tory of Cambrian times. Under Major 
Powell in 1882, he again found “pri¬ 
mordial” fossils and the first traces of 
Precambrian life. “No one has yet 
found in abundance the Precambrian 
life that Walcott so earnestly sought,” 


Dr. Schuchert continued, “and it was 
with the idea of stimulating others to 
realize his unfulfilled ambition that Mrs. 
Walcott, who helped her husband collect 
many a hundredweight of Precambrian 
algae, presented to the National Acad¬ 
emy the fund which yields the medal 
and honorarium to be presented here 
to-night. 

In the upper walls of the Grand Canyon 
occur Carboniferous land plants, which have 
formed the basis for one of the classics of 
palcobotanienl literature, “Flora of the Hermit 
Shale, Grand Canyon, Arizona/ 1 written by 
David White, whose extraordinary knowledge of 
the coal floras has played no small part in the 
unraveling of our late Paleozoic stratigraphy. 
In the course of his work in the canyon, Dr. 
Whito’s attention had been especially directed 
to the traces of Precambrian organisms which 
had been found there by Walcott and others, 
and which had been rendered even more sig¬ 
nificant by subsequent discoveries of similar 
forms in the Belt series of Montana. For sev¬ 
eral field seasons he studied with great care the 
detailed environment of these ancient fossils, 
and collected them in abundance, and he has 
demonstrated, with his customary thoroughness, 
that the deposits in which they were entombed 
wero those of a shallow sea, and not, as had 
been supposed, those of a fresh-water lake. 
What is even more significant, he has, by new 
methods of laboratory research, both of a phys¬ 
ical and a chemical nature, revealed the micro- 
structure of these remains and established them 
definitely as algae. His preliminary results 
have already appeared in a number of papers, 
and his monograph, to be published by the Car¬ 
negie Institution of Washington, will bring to¬ 
gether his studies on a great mass of material, 
much of which was collected by Walcott. His 
researches thus hark a decided step forward in 
our knowledge bf Precambrian life. 
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THE PRODUCTS OF INDUSTRIAL CHEMISTRY AT THE NEWARK 

MUSEUM 


The dramatic manner in which the 
products of the chemist’s test-tubes are 
supplanting the familiar materials of the 
world about us is the subject of an ex¬ 
hibit which the Newark Museum opened 
to the public at the end of March under 
the title “Miracles of Chemistry: New 
Discoveries for Industry and the 
Home.” This is the twentieth in a 
series of industrial exhibits which the 
Newark Museum has presented drama¬ 
tizing the achievements of the industries 
of its community, but because of its 
scope and timeliness has already at¬ 
tracted wide interest. 

The exhibit which fills the entire sec¬ 
ond floor of the museum and part of its 
first floor has been planned to reveal the 
many ways in which chemistry has af¬ 
fected every-day life, so that the average 


person may be led to appreciate the tre¬ 
mendous and vital role which chemistry 
plays in the modern world. It was con¬ 
sidered particularly appropriate to pre¬ 
sent such an exhibit in the Newark Mu¬ 
seum because chemistry comprises the 
largest industry of New Jersey and be¬ 
cause of the hundreds of new chemically 
created products, such as the plastics, 
the rayon and other synthetic textiles 
and new metals, which have found a 
place in modern life. 

In planning the exhibit, the museum 
had the active assistance of a number of 
men and institutions prominent in the 
field. These included Dr. William T. 
Head, of Rutgers University; Dr. Ed¬ 
ward 0. Worden, of the Worden Labora¬ 
tory and Library; Dr. John II. Schmidt, 
chairman of the North Jersey Section of 
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the American Chemical Society; Wil- from the University of Pennsylvania’s 
liams Haynes, author and editor of Edgar Falls Smith Memorial Collection, 
chemical publications; the New Jersey is shown in the opening section of the 
Agricultural Experiment Station, and exhibit. Here are also seen in interest- 
others. ing contrast an assemblage of some 250 

More than four thousand objects, lent new chemical products of commercial 
by approximately 100 firms, are on dis- value which have been developed since 
play in the exhibit, all of which relate 1931. These 4 ‘children of the depres¬ 
to the history or background of indus- sion” are eloquent testimony of the un¬ 
trial and research chemistry. A rare flagging persistence and ingenuity of 
and interesting collection of old books the chemist in seeking new, better and 
and prints dealing with the medieval cheaper ways of providing the necessi- 
alchemists and the early pioneers of ties of life. Plastics, dyes, perfumes and 
chemistry, which have been lent chiefly food materials are found among these 
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newest chemical creations. Colorful 
background to this part of the exhibit is 
given by a display of a striking selection 
of the new synthetically produced tex¬ 
tiles. 

On the stairways leading up to the sec¬ 
ond floor are cases showing the chemical 
processes involved in the manufacture of 
soap, sulphur, radium and aluminum. 

Symbols of the chemist’s most famil¬ 
iar operations and graphic illustrations 
of the basic theories of the science are 
seen in the south entrance to the second 
floor of the museum’s exhibit. Adjacent 
to this section is a demonstration labora¬ 
tory, fully equipped for performance of 
simple and striking experiments. The 


laboratory is manned by four profes¬ 
sionally experienced chemists, headed by 
Emil W. Roth, a former member of the 
chemical faculty of the University of 
Heidelberg, whose duties include the 
performance of the demonstration ex¬ 
periments and the conduct of groups 
about the exhibit. 

Upon information' supplied by Dr. 
Read the next part of the exhibit is de¬ 
voted to summarizing the facts concern¬ 
ing New Jersey’s chemical industries. 
The state has an annual output of ap¬ 
proximately $770,000,000 in silks, ray¬ 


ons, paints, varnishes, dyes, synthetic 
leathers and other chemically produced 
goods, the exhibit points out by means 
of large charts. Second only to New 
York, which exceeds it by virtue of the 
nitrates produced at Niagara Falls, New 
Jersey has an annual output more than 
twice as large as the chemical exports of 
Germany. 

Sections devoted to treasures unlocked 
from coal and from cellulose follow next. 
In the coal section are displayed the 
plastics, the explosives, medicines, dyes 
and perfumes and other derivatives, 
while the story of the rayons reveals 
how, by studying the physiological proc¬ 
esses of the silkworm, the chemist has 


produced a wealth of new materials. 
The New Jersey Agricultural Experi¬ 
ment Station at New Brunswick has con¬ 
tributed displays concerning the chem¬ 
istry of agriculture in the next section, 
while nearby is a section on the chem * 
istry of foods and the story of vitamins 
and the preservatives. 

Perhaps the most dramatic revelation 
of the many ways in which chemistry 
has invaded the home has been made in 
the handsomely furnished living room, 
designed and decorated by Paul T. 
Frankl, the well-known interior deco- 
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rator of New York City, in which chem¬ 
ically created, man-made materials have 
been employed practically throughout. 
From a table and desk of Formica with 
stainless steel supports, to rayon cur¬ 
tains and a synthetic fabric upholstery, 
and waxed linoleum on the floor, the 
room gives dramatic proof of the omni¬ 
presence of the products of the test- 
tubes. A kitchen completely equipped, 
from stainless steel sink to copper pots 
and enamel kettles by chemically treated 
materials, is another illustration of the 
importance of chemistry in the home. 


A catalogue entitled “ Chemistry 
Changes Our World "has been published 
as a guide to the exhibit. In the preface, 
Miss Beatrice Winner, director of the 
museum, explains the policy. A popular 
and entertaining article by Williams 
Haynes, the well-known writer on chem¬ 
ical subjects, is also part of the catalogue 
and contributes materially to its value. 
The exhibit, “Miracles of Chemistry,” 
will continue at the Newark Museum 
until the end of June. 

Russell Newcomb 



THE “CHEMICAL” BOOM 

The manner in which the products of the chemist's test-tubes are supplanting the 

FAMILIAR MATERIALS IN THE HOUSE IS ILLUSTRATED IN THIS MODERN LIVING ROOM, WHICH IS 
PART OF THE EXHIBIT. NEARLY EVERY ARTICLE OF FURNISHING IS CHEMICALLY PRODUCED. THE 
DESK AND TABLE TOP ARE OF A MOLDED PLASTIC OF A LUSTER AND SMOOTHNESS ESPECIALLY 
ADAPTED TO TIIE PURPOSE. THE CURTAINS ARE OF RAYON MATERIALS, THE HANGINGS OF AN 

Italian batik which is entirely chemically processed. The white leather coverings 

OF THE FURNITURE AKK TREATED WITH A CELLULOSE VARNISH TO MAKE THEM WASHABLE. 
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THE DROUGHT OF 1934 


Bv the close of May, 1934, the most 
extensive drought in the climatological 
history of the United States had devel¬ 
oped in the central valleys, the Lake re¬ 
gion and the Northwestern and Western 
states. In fact, deficiencies in moisture, 
ranging from unprecedented dryness 
over large areas to a decided need for 
rain in others, was prevalent by the 
first of dune over approximately three 
fourths of the United States from New 
York, western Pennsylvania, West Vir¬ 
ginia and central Tennessee westward to 
the Sierras of California and the Cas¬ 
cade Mountains of Washington and 
Oregon. 

In the Northwest the serious shortage 
in sub-soil moisture and surface water 
supplies is the result of an accumulated 
deficiency in precipitation covering sev¬ 
eral years. In fact, the general rainfall 
trend in this area has been downward 
for about a quarter of a century, culmi¬ 
nating in the present drought. Every 
one of the past five years, up to 1934, 
had less than normal rainfall and the 
amounts for the first five months of the 
present year have been the smallest of 
record in most northwestern sections. 

From this northwestern area the 
drought spread westward, southward 
and eastward to the Appalachian Moun* 
tains on the east, Tennessee, northern 
Arkansas and Texas on the south, and 
the Great Basin on the west. The 1930 
drought spread from the East-Central 
states westward to the central valleys, 
and at the same time much of the area 
farther west had abundant rainfall. 

The 1934 drought is very unusual in 
several respects. Seldom does a severe 
drought begin so early in the year and 
in no other case of record has one at any 
time covered such an extensive area.' 

May was extremely dry, the Ohio Val¬ 
ley and Lake region having less than one 
fourth to a little more than a third of 
normal rainfall for the month. It was 


the driest May of record in Ohio, Indi¬ 
ana, Illinois, Iowa and South Dakota, 
and the second driest of record in Ken¬ 
tucky, Minnesota, Nebraska and Mon¬ 
tana. For example, the average rainfall 
in Ohio this month was considerably less 
than an inch, and the previous driest 
May of record had twice as much. 

It was the driest spring (March-May) 
ever known in both the Dakotas, Minne¬ 
sota, Nebraska, Iowa and Illinois, and 
the second driest of record in Ohio, Indi¬ 
ana, Wisconsin, Missouri and Kansas. 
North Dakota had little more than an 
inch and a quarter of rain during the 
three spring months; the previous low 
record—2.15 inches in 1901—is nearly 
three fourths greater than this. 

Considering an entire year, from June, 
1933, to May, 1934, it was the driest sim¬ 
ilar period of record in Indiana, Illinois, 
Missouri, Iowa, Wisconsin, Minnesota, 
both Dakotas and Nebraska, and the sec¬ 
ond driest in Ohio and Michigan. 

Extremely high temperatures during 
May in the interior valleys and the 
Northwest intensified the effects of the 
scanty rainfall; not only on a number 
of occasions were the previous high May 
records of temperature broken, but over 
considerable sections it was the warmest 
May ever known. 

From our knowledge of climatology 
there is no reason to believe that the 
1934 drought in the Northwestern states, 
where most serious, constitutes a perma¬ 
nent change to desert-like conditions in 
that area. We know there have been 
major climatic changes in geologic times, 
and that large areas of the United States 
have moisture conditions at present dif¬ 
fering greatly from those prevailing a 
great many centuries ago, but certainly 
no major permanent change in climate 
has taken place within the last few years. 

On the contrary, our longest rainfall 
records indicate that the 1934 drought in 
the Northwest is ]but what may naturally 
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be expected to occur at comparatively 
long intervals of 30 to 40 years. These 
records show that quite similar periods of 
years, with markedly deficient rainfall, 
covered the ten years ending with 1884 
and again the ten years ending with 
1804. About midway between these were 
a number of successive years with com¬ 
paratively abundant rains, and there is 
nothing at this time to indicate that his¬ 
tory, in this respect, will not repeat 
itself with a return to another temporary 
period, not now predictable, when much 
heavier rains will again be the order of 
the day. 

However, there is one feature of our 
present-day agriculture in the areas 
where rainfall is normally small, such 
as the Northwest, that has served to in¬ 
tensify the damaging effects of these 
severe droughts recurring at long-time 
intervals. In the present case severe 
dust storms have greatly aggravated the 
situation and the frequency and inten¬ 
sity of these unquestionably are due, 
very largely, to the comparatively large 
amount of land put under cultivation in 
recent years as compared with that in 
previous droughty periods. The greater 
the surface of loose, pulverized soil ex¬ 
posed to the wind, the more frequent 
and intense will be the dust storms and 
the more damaging the droughts. The 
answer to this feature of the drought 
question is, of course, more natural vege¬ 
tation, more lands maintained in grass, 
with not too close grazing, and fewer 
cultivated fields. In this way, and this 
only, can man do aught to prevent or 
mitigate the effects of these inevitably 
recurring droughts. 

The amount of damage by drought to 
the several staple agricultural crops de¬ 


pends not only on lack of moisture, but 
also the season in which the drought 
happens to occur. Most crops have a 
critical period of growth during which 
they are affected by the weather more 
than at any other stage of development. 
Thus, pastures, hay crops and the small 
grains, such as oats, rye, barley and 
wheat—especially oats and spring wheat 
—require favorable weather in spring 
and early summer, while corn is most 
affected in the midsummer season dur¬ 
ing and just following the tasselling and 
silking stage. Most droughts develop in 
summer and, consequently, corn is more 
frequently affected than the small 
grains. 

The 1934 drought developed early, and 
hay, pastures and small grains are the 
principal crops affected so far. In the 
drought area, oats and spring wheat 
have been severely damaged; pastures 
are the poorest ever known, and the hay 
crop will be extremely short, regardless 
of future weather. Also winter wheat 
has deteriorated steadily, and the season 
is now too late for help in the southern 
part of the wheat belt; harvest has'be¬ 
gun already as far north as southeastern 
Kansas. Corn still has a chance for a 
good crop if rain comes soon. The first 
week of June brought very helpful mois¬ 
ture to parts of the northwestern Corn 
Belt, but much late-seeded grain in other 
sections still lies dormant in dust at the 
time of this writing* June 8. This must 
germinate soon to mature grain before 
danger from frost nekt fall. 

J. B. Kincer, 
Chief , Climate and Crop 

W eather Division, Z7. 8. 

Weather Bureau 
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CHILD DEVELOPMENT FROM THE STAND¬ 
POINT OF GENETICS 

By Dr. CHAS. B. DAVENPORT 

DIRECTOR, DEPARTMENT OF GENETICS, CARNEGIE INSTITUTION OF WASHINGTON 


The development of a child begins 
with a fertilized egg. This is the com¬ 
mon view: but actually the beginnings 
were laid millions of years ago. Unless 
we approach the problem of develop¬ 
ment from this standpoint it is compara¬ 
tively meaningless. 

The egg at the moment of fertilization 
is a minute sphere (Fig. 1), about ^ of 
a millimeter (l-200th of an inch) in 
diameter. It shows a rather dense body 
of food (yolk) granules. It contains a 
large sphere—the nucleus (Fig. 2). 
There is doubtless 
some water present, 
as in other eggs, pos¬ 
sibly about 50 per 
cent, of the total 
weight. All the cell 
body outside the nu¬ 
cleus is called cell 
protoplasm or cyto- 


The nucleus is a 
fltyid-flUecf sphere in 
which float threads, 
(perhaps a foam- 
work), itKwhich lie 
minute organic par- 



called chromosomes. In the child there 
are in each cell twenty-four pairs of 
these chromosomes. In each division of 
the cell each of these chromosomes splits 
(Fig. 3) into two identically similar 
chromosomes, of which one goes to one 
of the daughter cells and the other goes 
to the other. It is by this means that 
each cell, certainly at the beginning, re¬ 
ceives a full complement of chromosomes. 

Development begins by division of the 
fertilized egg and nucleus into two cells; 
these divide again, making four; these 
divide again, making eight, and so on. 

If the derived cells 
were each to divide 
into two repeatedly 
for as many as 
forty-five genera¬ 
tions there would be 
produced more than 
the twenty-six tril¬ 
lion cells which are 
believed to make up 
the human body. 
However, this pos¬ 
sibility is actually 
not realized. Some 
of the descendant 
cells slow up very 
their divi- 


FIG. 1 . A HUMAN EGG 

tides that come to- focused just beneath the surface showing greatly 
gather time to the yellow yolk granules about in focus «ion; others may go 
^ time to form elan- and the mosaic of white yolk spheres (W. on to many more cell 
ft gated bodies that are * H. Lewis, 3931). • generations. 
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But not all growth takes place by cell 
division. A second no less important 
process is expansion by imbibition of 
water. After a spherical mass of cells 
has been produced, a hollow sphere 
arises of which the wall is made up of 
these cells (Fig. 4). The hollow sphere 
contains water which has passed from 
the medium in which the cell floats 
through the wall into the center of the 


can travel from place to place inside to 
the embryonic body (Fig. 5). 

A third process in development now 
becomes more prominent. The cells be¬ 
come different in the act of forming 
diverse organs and tissues. This process 
is called differentiation . Very early, 
through a rapid multiplication of cells 
in one area of the egg, one can locate the 
point at which the future fetus is to de- 



FIG. 2. MOUSE EGG 

Upper left, sperm head and female fronucleij upper right, male and female pronuclei; 

LOWER LEFT, MALE AND FEMALE PRONUClilSI FURTHER DEVELOPED; LOWER RIGHT, MALE AND 
FEMALE PRONUCLEI COMING TOGETHER, CHROMOSOMES FORMED, POLAR BODIES EXTRUDED (KOLL- 

MANN, 1907). 


sphere. Thereafter, and progressively 
more and more, the embryo consists of 
membranes and ceil masses which are 
separated from each other by a large 
volume of water. Of the young embryo 
96 to 98 per cent, may be water. This 
separation of the different membranes 
and cell masses gives room for them to 
fold, and the fluid provides a medium in 
which the migrating cells of the embryo 


velop rapidly (Fig. 6), and first to 
appear is the longitudinal axis of the 
future child. This line, which we may 
see upon the dense cell area, is the line 
of its spine. Along this line, (jells roll 
from the outer membrane info tne inte¬ 
rior to form a long pocket, and eventu¬ 
ally a long tube. This is thfybeginning 
of the food canal (Fig. 7). Immedi¬ 
ately following the formation of the food 
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FIG. 3. SHOWING CHANGES 


THROUGH WHICH THE CHROMOSOMES OP ASCARIB, A PARASITIC THREAD WORM, PASS WHEN CELL 
DIVISION TAKES PLACE. DRAWINGS OP ACTUAL SPE^MENS OUT IN THIN SECTIONS. A, EARLV 
STAGE, CHROMATIN THREAD SLIGHTLY CONDENSED; B, CHROMATIN THREAD HA8 FORMED INTO 
CHROMOSOMES WHICH ARE ARRANGED ACROSS THE MIDDLE OP THE SPINDLE; 0, SAME AS PRECED¬ 
ING, VIEWED PROM THE SIDE OP THE SPINDLE, WITH CHROMOSOMES NOT COMPLETELY IN THE SKC- 
WN; D, CHROMOSOMES SPLIT LENGTHWISE; E, CHROMOSOME HALVES MOVING APART, CELL BODY 
•WINNING TO DIVIDE; F, DIVISION OP CELL BODY COMPLETE, CHROMOSOMES IN CELL AT TOP BEING 
RECONSTRUCTED INTO A NUCLEUS (A, FRANKLIN SHULL), 
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canal there is established the beginning verse furrows. These correspond in 
of the spinal axis, and on top of that the position to the gill-slits of the embryo 
beginning of the brain and spinal cord, fishes. The grooves never become real 
Along this axis, multiplication of cells slits. They do not permit the water to 
takes place most rapidly at one end, pass by the bars, as in fishes. But these 
which we soon recognize as the head end bars play an essential role, nevertheless, 



FIG. 4. MAMMALIAN EGGS IN EARLY DEVELOPMENT 
Upper left, bat f.oo in staoe of four cleavage spheres ; upper right, eoo of rabbit, forma¬ 
tion of blastoderm, or embryo proper. Lower rabbit imbibed water divides the blasto¬ 
derm ABOVE, FROM THE TROPHOBLA8T BELOW (KOLLMANN, 1907). 

(Fig. 8). In it appears the large brain, because from them are budded the 
On each side, the large eyes, nasal pit thyroid gland and the tonsils, 
and mouth are beginning to make their From the last of the bars arises the 
appearance. Behind the head is a long hyoid bone of man, which support^,the 
region which represents the embryonic tongue, and out of one of the potential 
neck. On each side is a series of trans- gill-slits arises the Eustachian tube 
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which passes from the throat by the ear 
capsule and would open to the exterior 
of the outer ear were it not for the tym¬ 
panic membrane that prevents. In 
these gill-bars are blood vessels which, 
being no longer required for aquatic 
respiration, as in fishes, take on another 
function and go to the lungs instead of 
the gills. Others supply the brain with 
nourishment. As soon as these organs 
are formed, the grooves on the neck 
flatten out, for, since gills are not re¬ 
quired, they have no further function. 

Behind the neck the trunk (Fig. 9) is 
seen as a tubular body, from near th? 
center of which there passes out a cord 
through which the nutritive fluids pass 
from mother to child and the waste 
products are returned from the child to 
the mother. Already in this trunk we 
may see the rings or segments of which 
the body is composed, which correspond 
in position to the series of ribs attached 
to the different trunk vertebrae. Finally, 
behind the trunk, there appears a small 



FIG, 5. CROSS SECTIONS OF EMBRYO 
OF THE TUNICATE SALPA 

SOWING THE RflMC OF SPACES AND FOLDINGS OF 
MEMBRANE AND MIGRATORY CELLS IN DEVELOP¬ 
MENT. 



FIG. 6, EMBRYO OF THE DOG 

SHOWING EMBRYONIC SHIELD WITH THE AXES OF 
THE FUTURE EMBRYO IN THE MIDDLE LINE AND 
THE THICKENING ABOVE TO FORM THE HEAD. 

The furrow will form the nkuro tube. The 

CELLS FROM THE MUSCLES AND HEART ARISE AND 
ARE BEGINNING TO FORM (KOLLMANN, 1907 ). 

elongated appendage which carries the 
spine (or its forerunner) nearly to its 
tip. This represents the tail of fishes 
ami of the lower vertebrates. 

The next stage shows that great 
changes have taken place. The head has 
become enormously enlarged and from 
the swollen trunk there arises on each 
side a pair of flat buds, the beginnings 
of the four appendages. On each ap¬ 
pendage there arise three main seg¬ 
ments. On the furthermost segment 
five lobes form, each one of which 
eventually represents a finger or toe. 
The tail gradually becomes resorbed 
(Fig. 10), as in birds, guinea pigs and 
apes, until nothing remains of it except 
a small appendage at the end of the 
spinal column. 

Meanwhile the internal organs are 
differentiating. From the primitive gut 
arise lungs, liver, pancreas and other 
organs. Independently arise the uro¬ 
genital organs. The skin becomes dif¬ 
ferentiated. The mouth lining forms 
tongue and teeth; the skin forms glands, 
nails and hair. The internal skeleton 
and muscles become even more complex 
and mature, and the head and the ap¬ 
pendages becomfe mobile. Usually soon 
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FIG. 7. HUMAN EMBRYO 

Above, the embryo already shows the enlarged head, has a temporary kink in the back. 
Below, cross section of human embryo at the same stage, showing above the nerve cord, 

BELOW THE DEPRESSION IN WHICH THE BPINAL COLUMN WILL ARISE, ON EACH SIDE THE BEGIN¬ 
NINGS OF THE MUSCLE MASSES; AT THE BOTTOM THE FOOD CANAL. (KOLLMANN, 1907). 


after birth dark pigment appears; the 
hair becomes brown or red; the iris, at 
first blue, may develop a brown coat. 
The child's mental life develops hand in 
hand with its nervous system. 

To recapitulate: The minute egg 
forms a germinal disk. Along its axis 
a fish-like embryo arises; soon this gains 
the large head and brain and the two 
pairs of lateral appendages characteris¬ 
tic of the human child. Specialization 
of parts is completed. 


II 

Now that we have followed the devel¬ 
oping child through the intrauterine 
period, we return to a consideration of 
the factors that are operating to pro¬ 
duce a child. It is obvious that the 
form changes which the child experi¬ 
ences are chiefly determined by factors 
inside the developing organism. It is 
hardly necessary to say that appropri¬ 
ate external conditions are required; 
that nutriment must be provided. 
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FIG. 8. SUMMARY OF THE EARLY DEVELOPMENTAL STAGES OF THE 

HUMAN EMBRYO 

1, THE EGG IS ATTACHED TO THE MATERNAL TISSUES; 2, THE EMBRYONIC SHIELD IS ELONGATING; 
3, MUSCLE MASSES BEGIN TO SHOW AS A SERIES OF COMPRESSED SPHERES ON EACH SIDE; 4, STAGE 
WITH TEMPORARY KINK; 5, THE KINK IS STRAIGHTENED OUT, THE HEAD IS ENLARGED; 6, SEGMEN¬ 
TATION OF THE TRUNK APPEARS; 7, 8, 9, T11E EMBRYO WITH GILL-SLITS AND THE BEGINNINGS OF 

THE FORMATION OF APPENDAGES. 


These are indeed obvious. But given the 
necessary conditions for development, 
even including a considerable range of 
variation in those conditions, the human 
embryo will proceed along its path to 
produce a child. 

What do we know of these internal 
facts which direct this development f 
Philosophers from the time of Aristotle 
have realized that there must be agents 
inside of the egg and developing embryo 


which are directing its course, and these 
have for three quarters of a century been 
known as some sort of “genes.” It is, 
however, only during the present cen¬ 
tury that the philosopher’s units have 
become identified with objects that can 
be experimented with and whose work 
can be intimately followed. 

Without going into all the evidence 
that the genes .that lie in the chromo¬ 
somes are largely responsible for direct- 
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Fig. 9. The stage showing the beginnings 

OF THE VERTEBRAL COLUMN AND THE LONG TAIL 
(KOLLMANN, 1907). 


ing development, I call your attention to 
some figures by the late Dr. John Bell¬ 
ing, which show, perhaps in more or 
less diagrammatic form, t.ne genes or 
group of genelets as they lie at the cen¬ 
ter of a row of spheres, strung along 
threads (Fig. 11). These collectively 
constitute the essential part of the 
chromosomes. These genes are probably 
large molecules of complicated struc¬ 
ture, with a molecular weight of 50,000 
more or less, the molecular weight of 
hydrogen being 1. 

They probably are enzymes. En¬ 
zymes, 1 may remind you, are organic 
chemical substances that belong to the 
group of catalysts. And catalysts have 
the remarkable property of accelerating 



TION OF THE TIP OF COCCYX 


IN RELATION TO THE LEVEL OP THE BUTTOCKS. 

Human fetus of ten weeks on the left, 
HUMAN NEWBORN ON THE RIGHT (A, H. 

Schultz). 


chemical processes without themselves 
being changed or used up in these proc¬ 
esses. Enzymes then may be said to be 
activators of chemical reactions in living 
cells. Every person who bakes bread 
makes use of the enzymes of yeast to ac¬ 
celerate the reactions in flour. All fer¬ 
mentation as of cider or wine is due to 
enzymes. 

The genes have each, apparently, the 
unique property of divisibility into two 
molecule-groups, like the one from which 
they are derived. This process is capa¬ 
ble of indefinite repetition by which, in 
the course of time, the descendants of 
any one gene may become incalculably 
numerous. The genes in the nucleus are 
ordinarily two of a kind—paired (one 
element of each pair having come from 
the sperm, the other from the egg). The 
number of kinds of these genes in an in¬ 
dividual child is very great, probably 
thousands. The different gene-pairs 
play each a different but essential role 
in the cell. 

That the genes have different specific 
roles to play as directors of develop¬ 
ment, as well as certain general ones, has 
been demonstrated, especially by the 
study of the vinegar fly, Drosophila. 
Here, some genes are responsible, among 
other things, for coloration in the eye, 
others for the form of wings, others for 
the determination of sex, and so on. In 
man, no such analysis has been possible 
as in the vinegar fly. This is partly be¬ 
cause the human generation is thirty 
years, while that of the vinegar fly is less 
than 30 days; partly because there are 
twenty-four pairs of chromosomes in 
man and only four in the fly. 

Accepting, as demonstrated, the 
theory that the genes are the directors 
of development, the great problem be¬ 
fore geneticists to-day is, how do they do 
their work? To this question we turn 
our attention. Although the end result 
is complex the means by which the genes 
do their work may be relatively simple. 
Examples follow: 
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Cell division: It has been shown by 
Hammett that this can be accelerated by 
the sulfhydryl group (-SH), and this 
group is frequently found in the protein 
molecule. If there are genes that pro¬ 
mote cell division, it is probable that 
they activate some sulfur compounds, as 
a first step in the process. 

Imbibition of water: Many colloids 
(i.e.y non-crystalline substances, like 
white of egg), such as are found in em¬ 
bryonic cells, are lyophilic (dilute-solu¬ 
tion lovers) and may imbibe great quan¬ 
tities of water with change of acidity. 
Body spaces and probably most mem¬ 
brane foldings are produced in this way. 
One face of a membrane swells over a 
limited area, and that face becomes con¬ 
vex toward the cavity into which it 
folds. 

Differentiation: Soon after develop¬ 
ment begins the cells come to have dis¬ 
similar contents and form. Special 
chemical changes are taking place in 
each. Eventually, special tissues—mus¬ 
cle, nerve, cartilage and others—arise. 
It has long been known that some of the 
changes are due to enzymes in the cells. 
For example, to form the black pigment 
that is found in hair and iris, and the 
skin of Negroes, there is present the en¬ 
zyme called tyrosinase . This promotes 
the oxidation of wide-spread tyrosin , 
which then becomes black. In the ab¬ 
sence of tyrosinase in the cells, albinism 
results. By genetic analysis albinism is 
due to the change of a single gene and 
is thus definitely inherited. 

Again, it is known that fibrin of the 
blood is formed in the presence of an en¬ 
zyme thrombose which hydrolyzes (or 
subtracts water from) fibrinogen. If 
this enzyme is not found, fibrinogen is 
absent in the blood in sufficient quantity 
to permit it to clot. Persons whose 
blood fails to clot are hemophiliacs, or 
bleeders, like the late Tsarovitch of Rus¬ 
sia. And genetic analysis shows that 
this condition is due to a change in a 
gene that is located in the sex chromo¬ 
some. 


In many plants with highly colored 
flowers the color is due to an oxidizing 
enzyme, called anthocyan , which acts 
upon a plant sugar (glucoside) to make 
red, blue and violet pigment. The 
brilliant colors of our flowers, our 
foliage plants and autumn landscapes 
(Gortner) we owe to these antho- 
cyanins. 

These are examples merely to show 
the great effects resulting from specific 
gene-enzymes. The ultramicroscopic 
gene is able to perform such large results 
by virtue of the catalytic quality of en¬ 
zymes. These enzymes, indeed, have 



FIG. 11. UPPER, DOUBLE ROW OF 
CHROMOMERES 

IN THE POLLEN MOTHER-CELLS OP ALLIUM (THE 
ONION FAMILY) AS SEEN UNDER THE MICROSCOPE, 
GREATLY ENLARGED. THE CHROMOMERES HAVE 
BEEN SQUEEZED FLAT SHOWING THAT THERE IS 
AN EXTREMELY MINUTE GENE IN EACH. LOWER, 
A DRAWING REPRESENTING THE ABOVE DOUBLE 
STRING OF DEEPLY BTRAINKD CHROMOMERES BE¬ 
FORE DESTAINING AND SQUEEZING FLAT. 

extraordinary properties, as just indi¬ 
cated. Their action is intense, markedly 
specific and intimately dependent upon 
environmental conditions of tempera¬ 
ture, acidity, etc. As an example of 
catalytic action of an enzyme: A perox¬ 
idase may activate 1,000 times its weight 
of H 2 0„ (hydrogen peroxide) per sec¬ 
ond at 20° C. (Haldane). 

Examples of the role of enzymes in 
development might be multiplied indefi¬ 
nitely. We are brought to the conclu- 
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FIG. 12. FLEXED TAIL MOUSE 
Middle figure shows shortening of the tail 

AND TENDENCY TO FORM A SPIRAL AT ITS BASE 

(H. It. Hunt). 

sion that enzyme action is an important 
key to differentiation. 

What is known about the source of 
enzymes? Until now, all known en¬ 
zymes have been produced in and by the 
living organism. While some have been 
recovered from the secretions of organ¬ 
isms, such as digestive juices and milk, 
mostly they are obtained from the inte¬ 
rior of cells and there is good evidence 
that they control most intracellular re¬ 
actions. 

How do they get into the cell? If, as 
seems probable, genes are enzymes, then 
we may say that there has been a con¬ 
tinuity of these enzymes from remote 
time. May we conclude that the genes 
are the sole source of cell-enzymes? It 


is indeed nearly certain that in fertiliza¬ 
tion of the egg the minute sperm brings 
only genes into the egg— i.e., nothing 
but enzymes. Since the contribution of 
sperm and egg to the course of develop¬ 
ment of the child is the same, we may 
conclude that the genes of the egg and 
only the genes are enzymes. 

But the egg, unlike the sperm, con¬ 
tains much material besides the genes. 
If this material is not enzymes it must 
be that upon which the enzymes act— 
the so-called substrate (e.g., in bread¬ 
making the flour is the substrate upon 
which the yeast enzyme acts). For it 
must be recalled that the genes do not 
directly constitute the material of the 
body, but accelerate certain processes of 
molecular change in the rest of the cell 
body by which energy is released and 
the cell body is increased and enabled to 
produce its specific formed substances, 
such as are seen in connective tissues, 
cartilage, bone and certain body fluids. 

The cytoplasm affords the building 
material for growth and differentiation; 
the genes supervise this growth and dif¬ 
ferentiation by accelerating the cyto¬ 
plasmic reactions. 

There has been among biologists of 
this country a sort of division into two 
groups. One group maintains that the 
genes are really the builders of the new 
organism, nourished in some way by the 
foodstuffs of the cytoplasm. The other 
group maintains that the egg cytoplasm 
is immensely important. It holds that 
the parts of the future embryo are fore¬ 
shadowed in the distribution of mate¬ 
rials in the cytoplasm of the egg. 

This controversy seems unnecessary. 
The genes can do nothing without the 
cytoplasmic contents to activate. The 
cytoplasmic chemical processes would be 
relatively inert without activation by 
the enzymes. The division of opinion 
here is as futile as that concerning the 
relative importance of heredity and en¬ 
vironment. Of course, the organism is 
absolutely dependent on the environ- 
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ment for its survival; also what the 
environment does depends upon the na¬ 
ture of the stuff upon which it acts. 

It appears that the full complement 
of the enzymes is brought into the egg 
at the moment of fertilization. The en¬ 
zymes are distributed to all the cells of 
the developing body by the doubling of 
the chromosomes and their genes at 
every cell division. 

Very early, as we have seen, the cells 
of the developing embryo begin to un¬ 
dergo differentiation. How can the same 
full equipment of genes in each cell 
function so differently? To this ques¬ 
tion Weismann gave his answer: The 
different cells do not contain the same 
active genes. There must be a regularly 
proceeding segregation of the genes in 
ever smaller groups until finally there 
remains in each cell only one kind of 
gene, namely, that which controls or de¬ 
termines the character of that cell. It is 
highly improbable, Weismann says, that 
all genes are carried into all stages of 
ontogenesis. 

On the other hand, a careful compari¬ 
son of the cells of different tissues of the 
adult body leads to the conclusion that, 
in general, these cells have the same 
chromosomes as the fertilized egg, from 
which they were all derived. However, 
similarity of chromosomes does not im¬ 
ply identity of their constituent genes; 
for genes may change without altering 
the form of the chromosomes. 

It is urged that the wide-spread 
capacity of regeneration of lost parts in 
various vertebrate species (of which, 
more anon) proves that somatic cells 
must contain a full equipment of genes. 
Indeed, a piece of the leaf of certain 
plants is able to function like an egg. 
But this is not adequate proof that all 
somatic cells contain the same genes, for 
in all parts of the body there are two 
kinds of cells, which have long been 
recognized: First, the relatively un- 
specialized cells, which probably have a 



FIG. 13. HUMAN EMBEYO 

AT HALF TEEM, SHOWING SLIGHT DEVELOPMENT 
OF PELVIS AND LEGS (KOLLMANN, 1907). 


more or less complete set of genes, and 
which are inactive until called forth by 
injury; secondly, the active cells which 
are specialized (or differentiated). It is 
probable that such specialized cells can 
not regenerate the whole organism or 
any considerable part of it. 

If then somatic cells in general pos¬ 
sess the same chromosomal complex, 
what is probably the nature of the 
change in the chromosomes that is re¬ 
sponsible for differentiation ? 

This problem appears less difficult if 
we consider again how the enzymes 
work. The work that the enzymes do 
depends upon the nature of the sub¬ 
strate. Now, under the influence of the 
enzymes of the genes that substrate is 
constantly changing. Hence the' same 
genes can not do the same work in dif* 
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FIG. 14. PHOTOGRAPH OF A BABY 

AT ABOUT ONE MONTH AFTER BIRTll, SHOWING 
THE SLIGHT DEVELOPMENT OF THE GLUTEAL 
MASSES, OR BUTTOCKS. 

ferent parts of the body or even in the 
same part of the body at different times. 
We must recall that the action of any 
particular enzyme is highly specific. 
Thus, zymase (an enzyme from yeast) 
ferments d-glucose, and is quite inactive 
with 1-glucose. The two glucoses have 
the same structure except for a different 
position in the molecule of certain atom- 
groups, Consequently, for long periods 
during development, a particular en¬ 
zyme may have no work to do because 


the nature of the substrate is such that 
that particular enzyme has before it no 
chemical reaction which it is able to 
accelerate. 

To make this clearer, we may consider 
a series of changes in the cell induced by 
enzymes splitting up. We may assume 
that at a certain stage enzyme Ea will 
cause the hydrolysis of the substrate 
molecule Sa ; and this molecule splits up, 
into Sb and Sc. Enzyme Ea can not 
split (hydrolyze) molecules Sb and Sc, 
but some other enzymes Eb and Ec are 
able to do so and thus produce new cell 
products. So in succeeding cell genera¬ 
tions. 

If, following cell division, the cyto¬ 
plasms of two daughter cells are unlike 
(as often occurs) then, though the genes 
be the same in both daughter cells, the 
reactions occurring in the cells under 
the influence of these enzymes will be 
quite different—and cell differentiation 
will show itself. Such a differentiation 
once started will tend to become exag¬ 
gerated in later cell generations and, in 
time, the various parts of the developing 
organism will become very different. 
Thus, each moment of development sets 
the stage for the next phase, and time 
and place of action of the genes are 
automatically determined. 1 

Adopting the point of view thus out¬ 
lined 1 think you will agree with me that 
the enzymes are extraordinarily interest¬ 
ing and important molecular groups. 
The enzymes are universally distributed 
among animals and plants. Even such 
lowly organized beings as bacteria and 
yeast show already a rich variety of 
highly effective enzymes. No enzyme 
has ever been artificially synthesized. 
When such synthesis is accomplished a 
step, if only a short one, will have been 
taken toward the manufacture, in the 
laboratory, of living matter from non^ 
living. 

But there are other factors to be rec- 

1 A sentence in Wright (1084, p, 32) indi¬ 
cates that he has seen this possibility. 
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ognized in ontogeny than kinds of en¬ 
zymes. There are the factors of degree 
and velocity of action. Many traits that 
differentiate races are of a quantita¬ 
tive order. For example, the newborn 
Negro child has a cream-colored skin. 
It is only under the influence of daylight 
(even very diffuse) that it becomes dark. 
Many a South European child who is 
white at birth becomes very dark- 
skinned when subjected to the ultra¬ 
violet rays of the sun. The Negro child 
simply reacts more quickly and fully to 
sunlight than the European. We have 
reason to think that it has more of the 
tyrosin in its cells, to be turned into 
black pigment. 

European children at birth have blue 
eyes. In South Europeans, under the 
influence of daylight, pigment is formed 
in the iris and the eye becomes brown. 
The age at which full color is attained 
varies in different families; in some cases 
the eye remains light brown, hazel or 
even blue. The different grades of eye 
color are merely quantitatively diverse. 

Sex would seem to be a sharply 
marked qualitative character. But the 
work of the Berlin geneticist, Gold¬ 
schmidt, indicates that in the gipsy-moth 
there is a male-determining gene and 
also a female-determining gene, and that 
these genes differ in strength in differ¬ 
ent races. The union of a weak female 
gene with a strong male gene will pro¬ 
duce intersexes among the female prog¬ 
eny. The union of a strong female with 
a weak male gene will produce normal 
males in the first generation, but some 
male intersexes in later generations. 
The sex actually achieved in the devel¬ 
oping organism depends upon the rela¬ 
tive strength of the male and female de¬ 
terminers. Thus, there are times when, 
as it were, one active enzyme struggles 
against another to secure a place for its 
products in the development of the 
body. 

We have seen that the. same set of 
genes in each cell may well react very 


differently because the substrates upon 
which they act are unlike in different 
cells. On the other hand, there is some 
evidence that chromosomal and even 
gene changes may indeed occur in the 
cells of the body in the course of the de¬ 
velopment of the body. 

Certain spots, or areas, on the eye or 
on other parts of the surface of the fly 
Drosophila are due to irregularities in 
the chromosomal complex that have been 
induced by x-rays acting on body cells 
during development. Owing to the oc¬ 
currence of these mutations first in later 
stages of development only a small area 
of the body is affected. Similar results 
have been found without using x-rays. 

In corn grains, in the petals of the 
larkspur and in variegated plants in 
general, a definite pattern may arise nat¬ 
urally. It has been demonstrated that 
this pattern is due to mutations occur¬ 
ring in the genes of somatic cells at a 
definite time and place. 



FIG, 15. PHOTOGRAPH OF CHIMPANZEE 

SHOWING SLIGHT DEVELOPMENT OF THE BUTTOCKS 

(A, H, Schultz), 
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FIG. 16. ADULT AND NEW-BORN HUMANS 
Diagrammatic comparison between the ex¬ 
act BOOT PROPORTIONS OP EACH, BOTH REDUCED 
TO THE SAME SITTING HEIGHT. IT 18 TO BE 
NOTED THAT WHILE THE LEG HAS DOUBLED IN 
LENGTH THE ARM HAS INCREASED ONLY ABOUT 
ONfc-THIRD. THE ARM OP THE NEW-BORN IS 
PRECOCIOUSLY LONG. (A. H. SCHULTZ). 


Thus we see that not only does the 
substrate of the cytoplasm change under 
the action of the genes, but the genes 
may change, perhaps in reaction to the 
substrate, perhaps under the influence 
of radiations. 

Other classes of differentiating agents 
thal can not be directly due to gene 
action are harder to understand. For 
example, in the formation of the eye an 
optic cup rises up from the primitive 
brain and touches the embryonic skin. 
Where it touches the embryonic skin this 
skin turns down as a pocket, which 
eventually produced the lens. This re¬ 
action will take place even when embry¬ 
onic skin that was destined to produce 
the lens is replaced by skin from the 
belly engrafted on the side of the head 
in place of the normal skin. The optic 
cup induces the lens to form even from 
this foreign skin. Many reactions of 
this type have been found in the devel¬ 
oping embryo. 

Even more striking evidence of an 
organizing action of cell on cell has been 
found by H. V. Wilson in sponges, in 
which the cells are rather loosely asso¬ 
ciated. The cells of a living sponge may 
be forced through bolting cloth into nor¬ 
mal sea water in a receptacle. Soon 
after the loose cells have settled to the 
bottom they move toward each other and 
after some hours they are grouped into 
a normal sponge structure much as ex¬ 
isted before the rough handling. These 
facts, combined with those of the dis¬ 
placed parts of the skin of the frog em¬ 
bryo which participate in normal devel¬ 
opment in a foreign location, suggest 
the presence of certain organizing prop¬ 
erties in the developing embryo for 
which we have as yet no simple explana¬ 
tion. 

The foregoing phenomena recall the 
facts of regeneration. It has long been 
known that many animals will regener¬ 
ate lost appendages. When a flatworm 
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or earthworm is cut in two each piece 
will regenerate, roughly, what has been 
lost, so as to reconstruct a functional 
organism. A great tree may be badly 
mutilated in a storm, but 10 years later 
the symmetry of form that belongs to its 
particular species will be nearly re¬ 
stored. Given the chance and within 
limits, an organic form that has been 
mutilated will be restored. 


As stated, we know little about the 
forces that hold the developing organism 
to its specific form; and restore that 
form when mutilated.' We do know that 
there is polarity in many elongated 
organisms and that commonly the head 
end grows faster than the tail end. Ob¬ 
viously there are other such forces. 

At all stages of development the cells 
of the organism show themselves highly 


responsive to the stimulus of other cells 
or organs. 

Thus, there appear very early in the 
developing embryo a number of loose 
migratory cells, resembling the white 
blood cells. These traverse the cavities 
of the body, come together to form 
strands which make eventually the blood 
vessels. They crowd together below the 
spinal axis and here develop into a large 


tube out of which the heart is eventually 
formed. These primitive vascular 
threads find their way into the limb buds 
to supply the growing limb with blood 
and if (as is perfectly possible) a limb 
bud is removed from one part of the 
skin and grafted upon another, some 
blood threads will find their way to the 
bud in the new position and penetrate 
into it. 



0KAN6-UTAN_CHIMPANZEE_MAN 


FIG. 17. DIAGRAMMATIC REPRESENTATION OF THE EXACT BODY PROPORTIONS 

or NSW-BORN OHANQ, CHIMPANZEE AND MAN, ALL REDUCED TO THE SAME ANTERIOR TRUNK HEIGHT. 

Note the ditterent lengths or the limbs (A. H. Schultz). 
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FIG. 18. CURVE SHOWING THE TNTER- 
MEMBRAL INDEX IN THE MALE 

FOR DIFFERENT AOKS FROM BEFORE BIRTH TO 32 

tears. That is, the total arm length : total 
leg length. The length of the arm (that 

OF THE LEG BEING 100) IS REPRESENTED BY THE 
ORDINATES NOTED BY THE SCALE ON THE LEFT. 

Again, from the spinal nerve cord 
there grow out nerves which pass be¬ 
tween membranes of the body and make 
their way to all the developing organs. 
These pass to the limb buds to innervate 
the muscles which are to arise there. If 
an appendage be removed from its nor¬ 
mal position and placed somewhere else, 
a nerve, though not necessarily the one 
which would have innervated it in its 
original place, will find its way to the 
bud in the new place and function there. 

What can we say concerning these 
organ-reactions from the standpoint of 


genetics? It seems probable that the 
genes produce substances which exert 
something of an attraction upon the ad¬ 
jacent organs so as to cause the moving 
down of the cup of the eye lens, the ag¬ 
gregation of cells to form the blood ves¬ 
sels, movement of the vascular threads 
toward the muscle masses, the move¬ 
ment of the nerves toward the appen¬ 
dages. We do not know anything definite 
about the substances which, serve as such 



FIG. 19. CURVE OF DEVELOPMENT OF 


THE THORACIC INDEX 

OR THE BREADTH OF THE CHEST; THAT OF THE 
DEPTH BEING TAKEN AS 100. TlIE CURVE SHOWS 
THE VARYING INDEX FROM BEFORE BIRTH TO 18 
YEARS OF AGE. BASED ON MARTIN AND SCHULTZ 
AND NEW DATA. 



FIG. 20. CROSS SECTION OF THE CHEST OF AN ADULT QUADRUPED, A HUMAN 

FETUS AND ADULT MAN 

SHOWING THE PROPORTIONS BETWEEN TRANSVERSE AND SAGITTAL DIAMETERS. (A. H, SCHULTZ). 










that in later life ’ 
' -nKf - -'tt#*-'-' irfiiJEMi ■ btood cells 
i; iowsto racwna are aeter- 
by certain substances given off by 
rn jl$b| 0 to^ into the medium. It is ap- 
:|pipt<3y then that the white .blood cells 
contact with bacteria and de- 
Vpttr them. This control of movement of 
part by other parts is sometime* 
wiled ekemotaxia (or movement toward 
or from a chemical agent). 

Indeed, we take too narrow a view if 
we fail to realise that cells are capable 
of acting upon others and being acted 
Upon ; of responding to stimuli. 

Hitherto we have considered effects 
that can be referred to simultaneously 
acting causes. The action of the gene 
may, however, be far removed from the 
visible trait for which it is really ini* 
tially responsible. This principle may 
be illustrated by the ease of the Kinky- 
tailed mouse (Fig. 12). This abnormal¬ 
ity appears in various degrees. Are we 
to think of a gene for each! 

The study of the earliest stages of this 
defeat shows that the Kinky-tail is the 
and result ofa«0ng series of stages, be¬ 
ginning with » gene defect in the em¬ 
bryo showing at the time the embryonic 
axis was being laid down. Thus the 
earliest alternations of development 
were relatively simple; though severe, 
not fatal. Subsequent development was 
aoeompanied by an attempt of the devel¬ 
oping organism to smooth out* or adjust 
itself to, the defect; so that the final 
farm appear* quite trivial, though 
hereditary.. But it has .had a 
long and varied developmental history. 

C : , '4#aia, there .^ reason for believing 
instead of anting direct* 
toftuencedevelopmeni indirectly by 



cretin result* ;if the antodcur pHuitaiy 
and surrounding tissue are deficient a 
fat chM with imperfectly formed geni¬ 
talia develops, or if the pituitary in 
overaetive the child develops into a 
giant. The entire series of sex-differen¬ 
tiating characters, including female 
beauty and male strength and vigor, is 
derived through the gonads. The endo¬ 
crine glands are intermediate links of 
the chain that reaches from egg to adult 

a mn . 

By such a chain of causes we can 
understand also how athletic prowess 
may be inherited; not only a general 
prowess, but excellence in a specific land 
of athletics. What the gene does is not to 
produce a great runner or jumper, but 
it influences the length of the femur; or 
of the lower leg. Apparently, a long 
lower leg and relatively short femur 
would favor jumping (even as we see in 
the kangaroo), while a long femur and 
short lower leg fits a person for rapid 
running (even as we see in the gaselle). 
The developing boy who finds himself 
genetically provided with long thighs 
finds that he can run successfully and 
this gives him so much pleasure that he 
is apt to enter into competitive sports 
whieh involve such running. Because 
length of thigh is inherited we,, have.; 
families of great runners. 

In summarising the fleets of difiltinUr, 
tiation presented we are amased at the 
complexity and variety of processes in¬ 
volved. The genes act directly upon the 
ceU substrate to build up the Muff ef 
Which the body i* composed. Because 
‘the genes or thesufartrateare different' 

’ ia each, child (ntvcrt from nertain kinds 
of twins) the adult body 
from that of otiter ^ildreu. The* 
focsr differ in, *Deed at interaction 
in different parts ofths body 

rerentxatKm. 
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FIG. 21. GROSS SECTION OF THE CHEST 
OF J. K. 

AT 9, 14£ AND 16 YEARS, AND FOR COMPARISON 
THAT OF THE NEW-BORN, SHOWING CHANGES 
IN RELATIVE LENGTH OF THE TRANSVERSE AND 
SAGITTAL DIAMETERS. 

substrate we have the phenomenon of 
organization of the part or the whole 
body, by which isolated pieces of the em¬ 
bryo go through their destined course 
under new conditions, though they may 
force adjacent parts to cooperate with 
them in a (for them) strange and new 
course of development. This organizing 
force leads many mutilated parts to be 
regenerated, may even cause the sepa¬ 
rated cells to come together to restore a 
disrupted being. Throughout the entire 
developing organism one part is acting 
upon and securing response from other 
parts. One could almost compare the 
organism to an ant colony in respect to 
the cooperation between part and part. 
It seems possible that this organizing 
property inheres largely in the body as 
a whole, rather than its cells and genes. 

Finally, there are many links in the 
chain between the genes in the egg and 
the fully developed adult characteristic. 
The embryo builds up organs for the 
adult that help complete its development 
and, as endocrine glands, ensure its con¬ 
stant adjustment to a changing environ¬ 
ment. 

Ill 

In traicing the development of the 
child from the egg we have seen that it 


passes through a series of stages which 
have apparently little meaning for the 
grown human and which remind us of 
stages that are found in the develop¬ 
ment of the lower vertebrates. For ex¬ 
ample, I have referred already to the 
stage of elongated neck with its gill* 
bars* so similar to that of the stage of 
the development of the fish. It is easy 
to sec in detail that the human embryo 
passes through many stages that are 
characteristic of the young of other 
species and that may even persist into 
the adult stage of those other species, 
though disappearing in the adult stage 
in man. 

For example, a child before birth 
(Fig. 13) and for some weeks thereafter 
(Fig. 14) has the great gluteal masses 
(or buttocks) undeveloped, and on this 
account can not walk. This stage is 
that of the chimpanzee (Fig. 15), ’which 
can not walk well either. 

Again, the relatively long arms and 
short legs of the human fetus (Fig. 16) 
are very similar to the early formed long 
arms of the chimpanzee fetus, which per¬ 
sist in the adult chimpanzee, though the 
arms become relatively short in the adult 
human (Fig, 17). 

Indeed, the child at birth is far from 
having completed its development. It 
goes on showing changes which had been 
anticipated in intrauterine life until 
eventually the proportions of the adult 
are acquired and growth gradually slows 
down at, or before, the end of the second 
decade. I will give a few examples. 

The change in proportions of arm and 
leg is brought out in the graph of Fig. 
18, in which time (age) in years is 
marked along the base and the size of 
the index: arm length/leg length is in¬ 
dicated by the length of the verticals— 
leg length being taken as 100. 

One sees that in the embryo at the 
third month the arm is one quarter 
longer than the leg; at birth the two are 
nearly equal in length, that thereafter 
the legs grow relatively faster and 
faster, until, in the girl at about twelve 
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and the boy at about fourteen years, the 
arms are about four fifths as long as the 
leg. After that the legs nearly stop 
growing and the arms keep on for a lit¬ 
tle while longer. 

Another example—The chest of the 
child at birth (Pig. 19) is very nearly a 
cylinder with approximately equal axes. 
If one thinks of the dorso-ventral axis 
as 100, then at birth the transverse axis 
is about 110 (Pig. 20) but increases 
rapidly to about 125. After that it falls 
behind, while the dorso-ventral axis in¬ 
creases, but eventually this axis stops 
growing and the transverse axis con¬ 
tinues its increasing breadth. Thus, 
there is in the development of the child 
a rhythm in growth, producing changes 
in proportions. 

How do we account for these changes ? 
First, it appears that the cylindrical 
chest of the human fetus is a generalized 
form that is found in the fetuses of 
lower Primates and, indeed, in the adult 
monkeys. While in some low mammals, 
like the dog, the dorso-ventral axis (Fig. 
20) becomes in the adult the greater, in 
adult man it is the transverse axis that 
comes to dominate. The changes that 
the index of the axes of the thorax un¬ 
dergoes during prenatal life and subse¬ 
quently to 17 years is shown in Fig. 21 
(one and the same boy). The chest at 
first has nearly equal axes, gains great 
breadth by 9 years, gets deeper at 
adolescence and broadens slightly in 
later life. 

This resemblance of certain stages of 
development of the child to later stages, 
and even adult conditions, in the lower 
vertebrates was the thing which led Von 
Baer to the generalization that in re¬ 
capitulations of ontogeny the child 
passes through steps that lie along the 
lines on which man is supposed to have 
evolved. 

It is obvious that the child does not 
generally develop the forms which are 
found in the adults of the lower verte¬ 
brates. It is, however, true that the 


lower vertebrates and the child pass 
through similar stages in early develop¬ 
ment, and that at a certain point the 
line of development of the human child 
diverges from that of the line taken by 
some of the lower forms, so that the 
adult conditions of the two become very 
different, as, for example, in the transi¬ 
tory embryonic gill-bars. 

We may say, in general, that the early 
developmental stages of the vertebrates 
show many organs in common, though 
these organs may be only temporary in 
their appearance in the higher forms. 
They represent, as it were, the scaffold¬ 
ing necessary to the erection of the 
building, but something that is of no 
further use, once the building is com¬ 
pleted. Accordingly, when the building 
is finished the scaffolding is removed. 

The similarity in the development of 
the human fetus and the young of other 
Primates and other mammals and verte¬ 
brates is, however, clearly one of the 
strongest arguments for the conclusion 
that these are all related, and it is only 
in the later stages of development that 
they have become different from each 
other. The development of a child can 
take place only along a narrow path, 
and for some distance that path is a 



Diagram showing at the bass the continuum 

or GERM CELLS THAT PASSES THROUGH THE AGES; 
ALSO THE SOMAS THAT ARISE FROM THEM (ONLY 
FIVE REPRESENTED IN EXTENDED FORM). ILLUS¬ 
TRATES THE INHERITANCE AND PILING UP OF 
INHERITANCES OF MUTATIONS IN THE INDI¬ 
VIDUAL SOMA. For simplification, the ILLUS¬ 
TRATION IS DRAWN FROM A PARTHENOGENETIO 
SPECIES, LIKE DaPHNIA; SO IT IS NOT COMPLI¬ 
CATED BY SEXUAL REPRODUCTION. 
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well-worn one that has been trod by its 
ancestors and which is still being trod 
by many related mammals. 

What is now the mechanism by means 
of which these new characters and new 
proportions enter into the individual de¬ 
velopment? These characters depend 
largely upon changes in the genes of the 
germinal substance, which changes are 
called “mutations.” The mutations are 
alterations in the substance of the genes 
or they may be changes in the arrange¬ 
ments of these genes in the chromosomal 
complex. 

Whatever they are, these mutations 
which ordinarily first appear in the 
germ plasm show themselves by altera¬ 
tions in the form of the individual that 
arises from that germ plasm and they 
are reproduced in the subsequent gener¬ 
ation, because the subsequent generation 
arises from that modified germinal 
plasm. The relation of the germ plasm 
and the change in the adult may be 
visualized in a diagram (Pig. 22) in 
which I show a series of mutations in the 
germ protoplasm A, B and C. These 
modifications persist in that germ plasm 
and the modifications which they induce 
recur in successive generations that arise 
from the modified germ plasm. Most of 
the mutations that survive affect last- 
formed organs. Mutations of early 
stages would probably cause death. 

Summary 

In conclusion, the development of the 
human child, like that of the young of 
other mammals, is a series of changes in 
size, proportions and complexity of 
parts that is clearly directed by internal 
factors—genes. 


These genes do their work by rela¬ 
tively simple processes that direct cell 
division, growth of the body as a whole, 
and of its parts. They determine the 
fate of the tissues either directly or 
through the hormone-producing endo¬ 
crine glands that they create. The suc¬ 
cessive situations or stages reached at 
any moment afford the situation to 
which the appropriate gene or genes re¬ 
spond. Between the genes in the cell 
nucleus and the cell environment is con¬ 
stant action and interaction as stage 
after stage is built up. 

Besides the genes there is an organiz¬ 
ing agency which controls form of the 
body as a whole. Now, the course of 
development is not arbitrary because it 
is not new. It proceeds along a neces¬ 
sary path—a path worn by its early 
vertebrate and early mammalian ances¬ 
tors. In so doing it recapitulates, in 
part, the ontogenesis of those early ances¬ 
tors and reveals to us in an only partly 
obscured light what those ancestral 
ontogenies looked like. 

The development of the child is not 
finished at birth and, indeed, for twenty 
years after birth it goes on changing, 
guided ever by the traditions of former 
remote ontogenies. However, step by 
step the growing child incorporates the 
more recent mutations at the appropri¬ 
ate time and place. 

Genetics is the study of the way a 
changing body reacts in the presence of 
a complex system of responsive genes to 
build up in well-established fashion an 
organization capable of surviving in its 
environment and thus of nursing and 
transmitting further the potentially 
immortal germ plasm that it carries. 
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Man is a creature of his environment, of a less enlightened period. We have 
So often has this been said that we have then in the subject of climate and health 
come to believe in this all-inclusive state- one which reaches back into the dark 
ment as one which requires no further ages, and even to-day, as we shall see, a 
definition. As a matter of fact there scientific approach to this ancient prob- 
are many different types of environment, lem is only in its infancy, 
such as physical, social and intellectual A more modern point of view regard- 
(to mention only a few), as there are ing climate and health was initiated 
different types of human beings in these early in the seventeenth century with 
respects, though the development of our the formation of the East India Com- 
civilization has shown that increasing pany under a charter granted by Queen 
importance and significance should be Elizabeth. The early adventurers in the 
attached to the effects of combinations field of medicine who went to India soon 
of environments, particularly when we began to think and write concerning the 
attempt to evaluate any one as to its climate and associated health problems, 
influence upon the complex human or- It was inevitable perhaps that climatic 
ganism. With regard to climate and its contrasts which these men from more 
effect upon physical man and his state temperate climates experienced should 
of health, which is the subject we wish have focused their attention upon this 
to discuss here, we have learned with problem. And yet only the most general 
what difficulty it is possible to establish observations came from these early 
controls in the purely scientific aspects pioneers and we find no scientifically 
of the subject and we realize that, as controlled studies in the records. How- 

yet, much of the advance in this field ever, their contribution remains a defi- 

must have its genesis in the realm of nite one, since they served to emphasize 

philosophy before the laboratory of en- the importance of the subject, 
vironment can test the principles and In recent decades the problem of 
hypotheses which are evolved. climate and man has been the subject of 

The subject of climate and health is several notable reviews. Among these 
almost as old as man himself. Since the may be mentioned such studies as those 
early records of time reference has been of the Carnegie Institution of Washing- 

made to conditions of climate and dis- ton in 1914 on “The Climatic Factor as 

ease. In ancient days it was common to Illustrated in Arid America”; “Civili- 
associate the plagues of disease with zation and Climate” by Huntington, 
climatic changes thought to have been first published in 1915; “The Tropical 
wrought by the Deity as a form of pun- Sunlight” by Freer, 1910; “The Physi- 
ishment for a wicked world. Philoso- ological Effects of Tropical Climate” by 
phers early postulated the miasmatic Sundstroem, 1922; “Climate and Accli- 
theory of the origin of many diseases, matization” by Castellani, 1929; “Medi- 
and it is only comparatively recent that zinische Klimatologie” by Brochardt, 
scientific demonstration of the germ the- 1930, and many shorter treatises dealing 
ory effectually destroyed this doctrine with various phases of the subject, some 
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of which will be referred to later. At 
the present time Mills has a monograph 
in press dealing with climate and health, 
several chapters of which are available 
to the writer in manuscript. Still an¬ 
other evidence of the increasing interest 
in this subject is the recent formation 
of the International Association for 
Geographic Pathology, which indicates a 
recognition of the principle that there 
exist geographic differences even in the 
effects of disease. 

A few years ago Huxley stated so 
aptly that ‘ 4 Man’s thought and social 
life are built on his economic life; but 
this, in its turn, rests on biological foun¬ 
dations. Climate and geology between 
them decide where the raw materials of 
human industry are to be found, where 
manufactures can be established; and 
climate decides where the main springs 
of human energy shall be released. 
Changes of climate cause migrations, 
and migrations bring about not only 
wars, but the fertilizing intermingling 
of ideas necessary for rapid advance 
in civilization.” This author further 
stated that “ Disease and hygiene play 
as important a part; half of the popula¬ 
tion of the world is permanently below 
par on account of animal parasites such 
as the hookworm and the microscopic 
malaria germ; and disease may bring 
about the rise or fall of empires. Nor 
has selection ever ceased its rigorous 
activity. To pass from one mode of life 
to another is not a simple affair for a 
people; a settled agricultural life de¬ 
mands a very different temperament 
from hunting, and the hereditary make¬ 
up of the race must be altered if a 
people is to pass successfully from one to 
the other. . . . The only zones where 
vegetation is abundant and man can 
easily flourish are the temperate and the 
tropical. But the temperate has another 
advantage. It contains the belt of 
cyclonic storms—in other words, of 
rapid and frequent changes of weather. 


And this type of climate, as Ellsworth 
Huntington has shown, is the one most 
stimulating to human energy and 
achievement.” In these few observa¬ 
tions of Huxley we have a concept of 
the problem and some indication as to 
its deep import. With this brief his¬ 
torical background and introduction to 
the subject of climate and health, let us 
proceed to a definition of the terrain 
and a discussion of our specific problem. 

Climate is usually defined as the tem¬ 
perature and meteorological conditions 
of a country, or as the effects of the sun, 
atmosphere and earth upon living ob¬ 
jects at a given place on the earth's 
surface. Thus, radiant energy is one of 
the elements of climate, as are also 
humidity, rain, snow, wind, density, elec¬ 
trification and temperature, all of which 
determine, with other factors, what the 
atmosphere shall be. These various ele¬ 
ments, according to meteorologists, are 
dependent upon fixed and natural fac¬ 
tors. It is because of these many ele¬ 
ments of climate, which are dependent 
upon fixed and natural factors, that so 
many variables exist in the study of the 
problem of the effect of climate upon 
living objects. In the field of physiology 
of climate Sundstroem apparently recog¬ 
nized these limitations, for he emphasizes 
the study of problems in this field by 
“groups” in the tropical belt “as a 
whole” when, as he states, it will be pos¬ 
sible to follow up any promising phase 
to a point beyond mere “suggestions” 
with due consideration of the correla¬ 
tions with other body functions, and 
when, consequently, the whole science of 
physiology will be placed in the tropical 
frame. 

Climates are usually classified as (1) 
astronomical, (2) geographical, (3) 
topographical and (4) physiological. 
Oastellani refers to the classification pre¬ 
ferred by Supan, namely, the solar or 
astronomical basis of division. In this 
classification we have (a) tropical or 
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warn climates, extending from the 
Equator to the mean annual isotherm of 
20 degrees C. or 68 degrees F., (b) tem¬ 
perate climates, extending from lands 
possessing a mean annual isotherm of 
20 degrees C. or 68 degrees F. to those 
which have a temperature of 50 degrees 
F., and (c) cold climates, lying pole- 
wards of the isotherm of 50 degrees F. 
This is perhaps the simplest classifica¬ 
tion and one which will serve our pur¬ 
pose as a basis for discussion, though 
we must not lose sight of the modifica¬ 
tions of these divisions which geographi¬ 
cal and topographical features bring 
into the picture, such as continental and 
oceanic considerations or, by contrast, 
the variations between mountainous 
areas and the plains in the topographical 
scheme. The climate of Baguio, for ex¬ 
ample, is more invigorating in the 
Philippines than that of Manila or 
Culion at sea-level, where the effect is of 
a relaxing type. Scores of examples of 
this type in both temperate and tropical 
climates might be mentioned where 
often, from the physiological point of 
view, marked differences exist when alti¬ 
tude compensates in part for latitude. 
Frequently such variations may be en¬ 
compassed within the limits of a few 
miles as the crow flies. 

We have seen that man builds and 
adapts his social existence upon his eco¬ 
nomic life. It is because of this that we 
have movement from one place to an- 
* other and now and then large migrations 
of people take place almost en masse 
from one part of the world to another. 
Centers of new population have thrived 
only where the fundamental necessities 
of fertile soil and water exist. Given a 
fertile soil and a supply of good fresh 
water the factor of health is of next im¬ 
portance, although health can not be dis¬ 
sociated from man ^ fundamental prob¬ 
lem of nutrition. It is therefore because 
of migrations that we must consider 
health problems first and so the question 


of climate and health may be regarded 
as one which is essentially basic to man 
and civilization. To understand some¬ 
thing regarding the relation of climate 
and health we must study the effects of 
the former upon the latter. In a gross 
fashion it may be possible to state off¬ 
hand that a given climate may or may 
not promote good health. The making 
of such a statement, however, is merely 
lifting the lid from a large pandora box, 
the contents of which must then be care¬ 
fully sorted and examined. It is this 
sorting which has given trouble, for the 
contents of the box, corresponding to the 
elements which make up a given climate, 
vary not only among themselves in type 
but also vary in degree and we find our¬ 
selves surrounded by a maze of things 
which do not explain everything as we 
had hoped when we lifted the lid. If 
we wish, for example, to test the effect 
of a drug on a living organism we first 
select a normal individual for the ex¬ 
periment. Next comes the question of 
the amount of the drug to be employed. 
A small dose may produce certain 
effects, while larger doses may produce 
more pronounced effects and additional 
changes as well. Although many of the 
changes can be measured and accurately 
charted, we are assuming that in the 
first instance we have selected a normal 
test organism. Here the first error may 
enter our experiment. Admitting that 
our test organism may be as normal as 
any of its species, it does not necessarily 
follow that the action of the drug on 
this organism will be the same for the 
so-called normal member of another spe¬ 
cies, and further we know that organ¬ 
isms of the same species may vary one 
from the other in type and degree of re¬ 
sponse to the same stimulus. And so in 
the study of the effects of climate on 
normal man we are handicapped at the 
outset in two very important ways, 
namely, the variables of the climatic 
elements themselves and the multitude 
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of “combination effects” which they 
may produce due to individual vari¬ 
ation in degree and man himself, the 
test organism in this particular prob¬ 
lem, who notoriously possesses indi¬ 
vidual characteristics which hereditary 
factors have, in the beginning at least, 
determined for him. Fortunately, how¬ 
ever, within these limits, certain gen¬ 
eral effects may be expected to be 
brought about by extraneous agents in 
various members of a given species and, 
to compensate for the differences which 
nature has provided, we employ a suffi¬ 
cient number of the test organisms in 
order to compute an average effect of 
our test agent. Care must always be 
taken, however, to take into account 
other causal effects which may uninten¬ 
tionally enter the experiment. 

Let us at this point briefly mention 
some of the effects whicn are said to 
occur in man who has migrated from a 
temperate climate, which is character¬ 
ized by unsettled weather with variable 
changes in temperature, rainfall, mois¬ 
ture, storms, cold and hot waves, floods 
and droughts, to a tropical climate, 
which is characterized by being mild, 
equable, moist, warm, with frequent 
rainfall and heavy over water and over 
windward land exposures, with few gen¬ 
eral storms and with dry and rainy 
seasons. Leaving aside for the moment 
certain racial peculiarities (such as the 
Negro of Africa, who is well adapted 
to his warm climate, or the Latin and 
Jewish races, who seem to be less af¬ 
fected by climatic changes) and con¬ 
sidering the Anglo-Saxon as our test 
organism, let us see what general effects 
we may expect from reported studies, 
on the average, to take place. The lit¬ 
erature would indicate that under such 
conditions of change in climate there is 
a tendency for respiration to be slower 
and for pulmonary capacity to be in¬ 
creased ; body temperature is said to rise 
slightly at first but to return to normal 


in the individual who acclimatizes read¬ 
ily ; some investigators have reported an 
increase in the pulse rate, while others 
claim there is a diminution in the rate; 
differences in blood pressure have been 
noted, some investigators asserting there 
is no permanent change, while others 
claim the systolic pressure may be low¬ 
ered as much as ten to twelve points 
and the diastolic pressure in similar pro¬ 
portion; haemoglobin is said by some 
authors to be decreased in tropical cli¬ 
mates, while the red cell counts may 
remain normal, but there is no agree¬ 
ment regarding this matter; the blood 
sugar, it has been claimed, is higher in 
tropical climates, but some investiga¬ 
tors have found normal values or even 
slightly lower readings than normal; 
the cholesterin of the blood is generally 
stated to be somewhat lower, the non¬ 
protein nitrogen is said to rise during 
the warmer periods, while the phos¬ 
phorus content of the blood is said to 
diminish; growth in stature )>ut not in 
weight has been suggested; the age of 
sexual maturity is said to be lowered; 
hot climates are said to predispose to 
sterility of women, to menstrual ab¬ 
normalities, to abortions, post-puerperal 
hemorrhage and an earlier menopause. 
There is said to occur a lowered power 
of digestion and a tendency towards 
constipation; several reports indicate 
that there is a lowered basal metabolic 
rate, but other reports deny this; a de¬ 
pressing effect on the nervous system 
has been described; urinary secretion is 
said to be diminished and there is 
thought to be an increased concentra¬ 
tion. In addition to these general ob¬ 
servations it may also be mentioned 
that certain investigators have claimed 
that the endocrine glands are at first 
stimulated in tropical climates and later 
depressed. The adrenal glands particu¬ 
larly are said to be adversely affected. 
Sexual power is at first stimulated, 
according to some observers, and later 
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definitely depressed after prolonged 
residence in warm climates. There is 
said to be an increased elasticity of 
tissues, resulting in a general sluggish¬ 
ness and relaxation. 

The warm climates are also said to 
predispose to various skin diseases, such 
as fungus infections and to bacterial 
and parasitical diseases in general, due 
to the debilitating influences already 
mentioned, which may tend to lower 
general body resistance. These are only 
a few of the vicissitudes about which 
the average Anglo-Saxon might be con¬ 
cerned, should he contemplate trans¬ 
planting himself to a tropical climate 
from a colder environment. But how 
much of this is factual and really es¬ 
tablished upon a scientific basis? We 
venture to state that very few of these 
observations are as yet firmly estab¬ 
lished. For several years the writer 
has been interested in this question, 
and a thorough study of the literature 
together with more than casual obser¬ 
vation of some of these problems has 
convinced him that, as yet, few funda¬ 
mental basic observations or principles 
have been established in this field of 
study. However, these various obser¬ 
vations are deeply significant. The re¬ 
ports of the many investigators who 
have worked with these problems con¬ 
tain, without doubt, factual observa¬ 
tions upon the particular groups studied 
by them in the particular climatic en¬ 
vironments under which their observa¬ 
tions were made. There would seem 
therefore to undoubtedly exist a dis¬ 
tinct realm of study and knowledge in 
this field of climate and health and one 
which should be the subject of an ag¬ 
gressive, though conservative, scientific 
attack. 

While contrasts in climatic change, 
such as movement from temperate cli¬ 
mates to tropical climates, must bring 
about physiological alterations in the 
human organism, it is also probably true 


that movements of people from the warm 
belts to the colder climates also produce 
definite physiological changes. Whether 
either of these alterations per se so affect 
the individual as to change his resistance 
and susceptibility to infectious diseases 
is not established. There has been much 
loose thinking about this question. It 
must be remembered that bacterial and 
other parasitic agents of disease are dis¬ 
seminated largely by human and other 
carriers or by actively infected individ¬ 
uals themselves. The movements and 
interchange of people back and forth 
across the Tropics of Cancer and of 
Capricorn must determine largely this 
question of the dissemination of such 
diseases and not the changes in climatic 
environment. It has frequently been 
stated that respiratory diseases are more 
prevalent in temperate climates than in 
tropical areas and the pneumonias are 
frequently cited as examples. This is 
only a half truth and a misleading one. 
Only a few years ago the writer was 
informed that pneumonia is uncommon 
in Puerto Rico, but subsequent study of 
this problem revealed that the pneu¬ 
monias are not an unusual condition in 
this island. With the constant inter¬ 
change of people between Puerto Rico 
and the United States, particularly with 
New York City, this is not surprising 
and, indeed, was to be expected. Fur¬ 
thermore, during the great pandemic 
of influenza some fifteen years ago the 
tropics were not spared, particularly 
those tropical areas where the reservoir 
of infection potential was raised high 
enough to initiate an epidemic. It must 
be kept in mind that migrations of in¬ 
dividuals from temperate climates to 
tropical climates are still at compara¬ 
tively low levels. Scarlet fever is also 
considered quite rare in tropical coun¬ 
tries, but there is nothing certain, as 
yet, that there are any climatic influ¬ 
ences which prevents the spread of this 
disease in warm climates and if the 
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carrier level for the causative agent 
were to be raised sufficiently high in 
tropical countries it is possible that this 
disease would also be prevalent, as it is 
in colder climates. By the same token 
we have recently learned that amoebic 
dysentery, while being a disease most 
prevalent in tropical countries, is no re¬ 
specter of climates. When conditions 
of human congestion and faulty sanita¬ 
tion occurred in Chicago during recent 
months and the infection was intro¬ 
duced, it was spread to hundreds of 
people, many of whom are now scat¬ 
tered in different parts of the United 
States. These things, we believe, are 
not fundamentally a matter of climate, 
though climatic factors have no doubt 
indirectly, at least, influenced the pic¬ 
ture. 

In Siam we are told that, urinary cal¬ 
culi are most prevalent, but that gall 
stones are uncommon. The question 
arises whether several factors do not 
contribute to the high incidence of 
bladder stones in such countries, such 
as water intake, concentration of urine, 
calcium and other salts in the water 
supply, the squatting posture commonly 
employed during urination, which tends 
to leave a residual urine in the bladder 
or perhaps elements of diet or a vitamin 
deficiency. The answer to this question 
is not known as yet, but it will most 
probably not be found entirely associated 
with the conditions of climate met with 
in Siam. Nephritis and diabetes are 
also less prevalent in tropical countries 
than in cold climates, though several 
writers, upon theoretical grounds, have 
assumed that the former should be quite 
prevalent in warm climates due to dis¬ 
turbances in water regulation and ac¬ 
companying retention and concentra¬ 
tion of urine. While diabetes occurs 
in tropical countries, its incidence is 
much lower than that of temperate 
climates, though due perhaps to other 
factors than climate. Rheumatic fever 


is also less prevalent in tropical di- 
mates, as are many other diseases be¬ 
lieved now to be of infectious origin, but 
here again we are dealing with germ 
diseases and we have seen that other 
factors operate in their dissemination 
and climate plays perhaps only a minor 
role. 

It is readily seen that many questions 
have been raised in regard to this ques¬ 
tion of disease and climate. The ten¬ 
dency has been to lay as much stress as 
possible upon climatic influences. This 
is perhaps a hangover from our early 
concepts of tropical medicine. We quite 
naturally came to think of tropical dis¬ 
eases as affections which were peculiar 
to the tropics when, as a matter of fact, 
only a few of these diseases would be 
peculiar to tropical environments if 
given a favorable opportunity to be in¬ 
troduced and spread in temperate zones. 
To be sure, there are certain diseases 
spread by insects which will probably 
always be more prevalent in warm cli¬ 
mates, since arthropods tend to thrive 
best in such climates; but it must not 
be forgotten that malaria was not un¬ 
known in former years in our northern 
states and yellow fever could exist even 
to-day fairly far north in the United 
States, where its mosquito vector is 
prevalent a few months out of each 
year. 

Climate again is only indirectly in¬ 
volved in the picture. In the survey of 
tropical diseases, which is now under 
way in the National Research Council, 
we have listed over eighty diseases which 
are usually included among the so-called 
tropical diseases. It is not the thought 
of the advisory committee on this study 
that these diseases are of tropical origin 
in the sense that they thrive only in 
tropical climates. Most of these diseases 
could occur anywhere, and it is because 
of this possibility that the survey is be¬ 
ing made. With a world which is con* 
stantly growing closer together through 
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modern methods of communication and 
transportation, it is important that we 
learn as much as possible regarding 
this large group of diseases which, at 
present, largely inhabit tropical coun¬ 
tries. Unfortunately, but necessarily, 
this group of diseases must continue 
to be referred to as tropical diseases, 
since no better designation is available. 
But the usual emphasis of climate per 
se as the chief responsible factor in 
their distribution must be dismissed. 
Rather should we think of these diseases 
as a group the incidence of which is 
highest in tropical countries for various 
reasons, including a favorable climate, 
or at least a climate which is not un¬ 
favorable, and then let us consider cli¬ 
mate in its proper relation to these va¬ 
rious health problems and through the 
scientific method determine where and 
how it fits into the panorama. In gen¬ 
eral, much of what can be said of this 
question of climate and health in rela¬ 
tion to warm climates and temperate 
climates can also apply to arctic areas, 
though scarcity of population in these 
areas at present makes this problem a 
comparatively minor one. 

Let us therefore return again, at this 
point, to our original premise that the 
human race builds and adapts social 
existence upon economic life. We will 
not, however, forget the biologic funda¬ 
mentals or the roles climate and geology 
must play in this social existence and 
economic life. Civilization has devel¬ 
oped to its greatest heights in temperate 
climates. In these stimulating zones of 
definite seasons and climatic changes 
from day to day great industrial and 
agricultural developments have taken 
place. The per capita of wealth has, with 
few variations up and down during rela¬ 
tively brief periods, steadily increased. 
Hand in hand with this we have seen 
the organization of community life sup¬ 
ported by community funds through 
taxation and philanthropy. Of chief 


importance in this development has 
been the organization of health pro¬ 
grams. Along with modern water sup¬ 
plies these communities have developed 
modern methods of disposing of sewage 
and other refuse. Streets and alleys 
have been paved and trunk lines of 
paved highways have been developed be¬ 
tween villages, towns and cities. Mod¬ 
ern methods of illumination are found 
nearly everywhere. With the increase 
in wealth better and more commodious 
homes have been erected as have school- 
houses, community halls, churches, audi¬ 
toriums and theaters. Health inspec¬ 
tion and laws protect food supplies. 
The school physician and nurse have 
been recognized as community assets. 
Health departments and hospitals have 
developed clinics for the poor, and gov¬ 
ernments, both state and federal, have 
established institutions for the mentally 
sick and for specific diseases, such as 
tuberculosis. This development is still 
going on and will probably never fully 
meet the complete needs of our increas¬ 
ing populations. But already, as a re¬ 
sult of these enlightened developments, 
we can evaluate much of what has hap¬ 
pened. Many diseases, formerly com¬ 
mon, are now considered rare. A com¬ 
munity formerly considered malarious 
is now free of the disease, and typhoid 
fever, for example, is practically never 
seen by medical students in some of our 
northern institutions during their entire 
four years of training. A hundred 
years ago these diseases flourished in 
various parts of the United States and 
Europe—now they are not so common, 
except in certain areas. Modem sani¬ 
tation, mosquito control, specific immu¬ 
nization, preventive medicine and health 
education of the individual and com¬ 
munity have changed the picture. 

Contrast this with conditions in the 
tropical belt. Here bare existence must 
be extracted by hand almost entirely 
from the soil. Wages are usually piti- 
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fully low and capital is scarce. Indus¬ 
tries of our modern civilization are prac¬ 
tically unknown. Poverty is the rule 
rather than the exception. Density of 
population is becoming an increasing 
problem. Housing is inadequate and 
unhygienic and in its type of construc¬ 
tion contributes itself to diseases of 
many types and protects only from the 
elements of weather. For the most part 
there is no safe water supply, no sewage 
disposal, no hydroelectric power and 
consequently only the poorest of illumi¬ 
nation. Educational facilities are the 
exception rather than the rule. Food 
is scarce and of limited varieties. There 
is little or no health inspection. Life 
is still primitive. Disease is rampant, 
the life span is short and infant mor¬ 
tality is extremely high. Due to climate, 
we say? Only indirectly. If the same 
standards of civilization were prevalent 
in the tropical belt to operate for the 
benefit of the untold millions of inhabi¬ 
tants as these high standards operate for 
the benefit of man in temperate climates, 
the picture would be vastly different. 
Evidence of the truth of this statement 
is easily found in those tropical areas 
where high standards of living have 
been introduced, but unfortunately mod¬ 
ern civilization, as we know it, has never 
touched most of the tremendous area of 
the tropical belt. There lie ahead of us, 
of course, vast areas for industrial and 
trade development among these millions 
of people in tropical climates who need 
nearly everything which man in tem¬ 
perate climates possesses and considers 
essential in his everyday life. 

With these considerations in mind, 
are we still to regard the native of warm 
climates as the victim of his climatic 
environment? Indirectly, yes, because 
his climate is generally considered less 
desirable and other people will not turn 
to it for permanent abode until their 
economic life demands it. But aside 
from these considerations has the trop¬ 


ical climate a direct bearing upon 
health? For both the native and also 
for the emigrant we believe this must 
be answered quite definitely in the 
affirmative. Given all the benefits of 
modern civilization we feel there would 
still exist a hazard to the fullness of 
health in the warmer climates. Aside 
from general observations, whether es¬ 
tablished or unproven as yet, which 
have already been mentioned, there is 
direct experimental evidence that cer¬ 
tain elements of such a climate are 
capable of producing profound effects 
upon living organisms. Sundstroem, for 
example, has shown that the humid 
heat of warm climates constitutes a 
growth-retarding factor for mice and 
rats under experimental conditions. In 
mice which were grown in a *‘ tropical 
room” he demonstrated a temporary 
growth stimulation, though he states 
succeeding generations may behave dif¬ 
ferently, and after a couple of gener¬ 
ations with extremely stunted growth 
a generation was again reared which 
exhibited a more satisfactory growth. 
This investigator states that strong light 
alone was shown to possess a growth- 
stimulating effect, but when combined 
with humid heat suppressed the growth 
below the levels exhibited by the series 
exposed to only humid heat. Further 
improvement followed when motion of 
the hot and humid air was produced 
with electric fans. Sundstroem believes 
that any measure which raises the cool¬ 
ing power in a humid and hot environ¬ 
ment will at least partly neutralize the 
growth-retarding effect of the tropical 
climate. Further experimental observa¬ 
tions are recorded by this author on the 
retardation of the growth of hair on 
animals kept under tropical conditions, 
which correlates with observations which 
have been made upon man. Similar ob¬ 
servations were made for the growth of 
the nails. Pigmentation of the skin in 
tropical climates is also affected, as 
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judged by observation on man himself 
and the application of the experimental 
method to animals. 

There is also experimental evidence 
accumulating that the endocrine glands 
are affected in their function by tropical 
climates. Hart, Mills and Stoland and 
Kinney have all reported a decreased 
function of the thyroid gland in ani¬ 
mals reared in hot environments. Per¬ 
haps the observation concerning a drop 
in basal metabolism in similar environ¬ 
ments by Sundstroem may be related to 
these experimental observations. Dunn 
has reported an increased toxicity of in¬ 
sulin when temperatures of the rooms 
were increased in which the animals 
were kept. Knipping has described 
changes in the cellular structure of the 
hypophysis in swine imported to trop¬ 
ical countries. Steinach and Kammerer 
have reported proliferation of the inter¬ 
stitial cells of the testes of rats which 
were reared in a warm environment. 
McKinley and Rivera reared standard 
white rats under controlled conditions 
in tropical sunlight and have described 
profound effects which were produced 
in the testes and adrenals of these ani¬ 
mals. The intensity of the ultra-violet 
light of the sun during 131 hours of ex¬ 
posure of these animals was recorded by 
Hernandez and McKinley. 

It will be recalled that Schanz in 1919 
studied the effects of definite regions of 
the spectrum on a variety of plants. 
This author found that plants grow 
higher the more the short rays of sun¬ 
shine are excluded. The greatest height 
was obtained under red light and the 
minimum under blue light. Chlorophyll 
development in certain plants was more 
rapid under red light and retarded ap¬ 
parently with the shorter rays. Equally 
of interest is the work of Kammerer, 
who has reported the development of a 
functional eye in the blind cave sala¬ 
mander when exposed to light and the 
report of Sheard who, in 1926, described 


the growth-promoting effects of radia¬ 
tion from a quartz mercury lamp upon 
frogs 1 eggs which persisted for twenty- 
four hours, was then retarded, and was 
followed on the third day by abnormali¬ 
ties of development. Likewise, North- 
rup, in 1925, found that the larval 
period of Drosophila was shortened 
slightly when exposed to Mazda lamps 
at intensities around 2,500 metercan- 
dles, but were increased at higher in¬ 
tensities. When we come to mammals 
we find that, according to Prank, chil¬ 
dren up to two years of age show a 
sharp rise in the growth curve from 
April to June, a drop during the sum¬ 
mer months, a second rise in Septem¬ 
ber to November and there is a dip in 
the curve again in December and Jan¬ 
uary. Sundstroem, however, reports 
that growth of children in Australia 
does not differ from that of children 
elsewhere. Borissow found that dogs 
and rabbits grown in light weighed 
more than those grown in darkness 
after a few weeks under these condi¬ 
tions, though Degkwitz has found prac¬ 
tically the opposite for puppies. Inter¬ 
esting reviews on radiant energy are to 
be found in the monographs of Laurens 
and Luckiesh. 

To refer again to our own experiments 
along this line of investigation in 1929 
sixty white, male rats, three weeks old, 
average weight of forty-four grams, 
were placed upon Sherman’s 13 stand¬ 
ard diet. Each animal was placed in a 
separate wire cage. Half of the animals 
were raised in a darkened room, while 
the other thirty rats were placed in the 
sunshine each day for varying periods 
of time. This experiment was carried 
on at the School of Tropical Medicine, 
in San Juan, Puerto Rico, and was be¬ 
gun late in November of that year. The 
experiment was continued for eleven 
weeks and was terminated the end of 
the first week in January, 1930. Bach 
day the food consumed was weighed and 
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Charted, the animals of both groups be¬ 
ing permitted to eat only during the 
night. Once each week the animals were 
weighed and the food consumption for 
the week was calculated and the loss or 
gain in weight for each animal was re¬ 
corded. The total of hours of sunshine 
to which the experimental animals were 
exposed was tabulated each week. As a 
rule the animals were exposed to the 
sunshine in the late morning and early 
afternoon hours when the greatest inten¬ 
sity of radiant energy, barring certain 
factors, prevails. The individual cages 
containing each animal were placed 
upon a chicken wire netting raised about 
eighteen inches off the ground, and the 
cages were so constructed that the ani¬ 
mal had no opportunity to seek any 
shadow for protection against the sun’s 
rays. The total number of hours of ex¬ 
posure to tropical sunlight for the ex¬ 
perimental group of animals was 131 
over the eleven-week period. At this 
point it had been planned to test a 
certain group of these animals for re¬ 
sistance against an infectious agent, con¬ 
trolling these animals with a similar 
group of the animals which had been 
raised in a darkened room, but these 
plans did not materialize. Consequently 
at the end of the experiment the animals 
were all weighed, were then killed and 
the weights of the adrenal glands, the 
two testes and the spleens were deter¬ 
mined. 

It will be noted that the control ani¬ 
mals at the end of the eleven-week period 
had an average weight of 156.6 grams; 
that their average weekly gain in weight 
exceeded that of the sunlight group by 
a small margin; that their total gain 
quite definitely exceeded that of the sun¬ 
light group; that their intake of food 
was nearly 25 per cent, greater than 
the sunlight group; that their adrenal 
glands, on the average, were lighter by 
a small margin than the sunlight group, 
even though their total body weight 


was definitely greater; that their testes 
were nearly twice as heavy as the testes 
of the sunlight-exposed rats and their 
spleens were considerably heavier, which 
might be explained, of course, on in¬ 
creased body weight alone. The sun¬ 
light-exposed rate, in addition to being 
smaller, were not as active or alert as 
the control group. They had a smaller 
weekly gain in weight, but also they had 
a smaller weekly intake in food. How¬ 
ever, although the animals were smaller, 
their adrenal glands w T ere somewhat 
larger than the control group, but their 
testes were only half as large as the 
control animals. 

These experimental results, under 
such well-controlled conditions, led us 
to believe that there might be in these 
observations something of decided im¬ 
portance. The marked delay in matura¬ 
tion of the testes and the delayed invo¬ 
lution of the adrenal glands in the sun¬ 
light-exposed rats indicated that per¬ 
haps great intensity of radiant energy 
over a long enough period might bring 
about significant physiological changes 
in a test animal. 

The following year we decided to re¬ 
peat the experiment during the same 
season of the year in the same environ¬ 
ment, but this time we measured the 
solar intensity each day by the oxalic- 
acid-uranium acetate method, and in 
addition we decided to study the effects 
upon other organs, such as the thyroid 
and thymus, and to include some female 
animals in the experiments so that the 
ovaries might be compared in the two 
groups. 

The second experiment was begun 
early in October, 1930, and the study 
extended to the third week in January 
of 1931. In this experiment there were 
eighteen rats in the control group and 
there were 19 animals in the sunlight- 
exposed group. At the end of the 14th 
week the average weight of the control 
animals was 139 grams and that of the 
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experimental group was 134 grams, or 
approximately the same. The food in¬ 
take of both groups was approximately 
the same, indeed within 0.3 of a gram 
according to our figures, though the ac¬ 
tual difference may have been somewhat 
larger than this. Again, the average 
weight of the adrenal glands of the sun¬ 
light-exposed group was higher than 
that of the control group, but no such 
difference, as in the first experiment, 
was obtained for the testes. In the 
second experiment the weights of the 
testes were nearly the same in both 
groups of animals. In this experiment 
the experimental animals were exposed 
to 136 hours of tropical sunshine, which 
in actual measurement accounted for the 
decomposition of 1067.32 mgms of oxalic 
acid in the presence of the catalyst when 
exposed to the sun in a quartz cell. This 
corresponds roughly to about 350 ery¬ 
thema skin doses for the skin of human 
beings. The few female animals in both 
groups showed the ovaries of the con¬ 
trol group to be slightly heavier than 
the ovaries of the sunlight-exposed 
group, but hardly enough to be signifi¬ 
cant. The data for the thyroid and 
thymus glands were not significant. 

"While we feel that such experiments 
as we have described are not conclusive, 
still the fact remains that a significant 
difference does exist, for some reason, in 
the maturation of the testes, between the 
two groups of animals in one of these 
experiments. We feel that the conclu¬ 
sion to be drawn from these experiments 
is that the variables are too numerous 
to properly control, and yet it seems 
quite definite that there are several fun¬ 
damental questions involved in this work 
which should be given further study. 
No doubt the same type of criticism 
might be offered to several of the obser¬ 
vations dealing with the many studies 
on climate and health, but for the pres¬ 
ent, at least, it would seem that fur¬ 


ther progress may best be made with 
these problems by studying them with 
the experimental method in animals. 
That there is much to be learned is in¬ 
dicated by the promising suggestions 
which have resulted from such investi¬ 
gations so far. 

Following Huntington’s thesis that 
human energy is affected by the vari¬ 
ability of the weather Mills has been 
engaged during the past few years in 
studies attempting to link up climatic 
features with definite disease processes. 
The observations by this investigator 
are suggestive of climatic influences in 
such conditions as heat stroke, acute 
nephritis, diabetes mellitus, death rates 
from pernicious anemia, exophthalmic 
goiter, Addison’s disease and angina 
pectoris. Mills has stated that human 
fertility is highest in a given population 
at a temperature of about 65° F., and 
that it is reduced during the low tem¬ 
peratures of the northern winter and 
by mean temperatures above 70° F. In 
a recent paper he has pointed out cer¬ 
tain dangers to southerners in north¬ 
ward migrations due to climatic changes. 
These are stimulating observations by 
Mills and they are certainly suggestive. 
When and if the experimental method 
may be applied to some of these interest¬ 
ing problems they will no doubt be ac¬ 
cepted with greater favor and interest 
by biologists. 

Reed lists some twenty factors in his 
study of medical geography in the 
tropics. This author goes so far as to 
include religion and politics among 
these and states that “health is a bal¬ 
ance obtaining between the life prin¬ 
ciple as exemplified in man, and the sum 
total of his environment.” He feels 
that a new era in medical science is 
taking us rapidly into a field which ean 
be termed medical geography. In this 
we would certainly agree. 

Reed has mentioned one factor, 
namely, food and diet, which we feel 









v Hw question of climate sad health. '--It 
matter little what the climate is 
proper food. Food 
intpf jQr iSr ia turn, directly related to 
O&Oabe.axtd it is our considered opinion 
that too often the factor of nutrition, is 
\\gii^%>o little attention while climatic 
rflieton areperhaps given too much. Of 
■the two nutrition would seem to be the 
more important and, without question, 
this factor, and others as well, may fre¬ 
quenter complicate Studies designed to 
determine the effects of climate on the 
firing organism. It is highly important 
then that the element of nutrition be 


In conclusion we feel e<mstraia*4te 
insist that, despite the present dtaotie 
state of our knowledge in this field tt\ 
climate and health, then is indeed ;|h| 
this subject a significant realm <4 
thought for future experimentation. 'Mi 
few pioneers have biased the trail 
to this point with inadeqnate facilities 
and little support, but many suggestive 
and interesting lines of attack have been 
brought to light. Future developments 
in our civilization will no doubt focus 
greater attention upon these problems, 
and the golden reward which awaits 
man in his social, economic and phys¬ 
ical life, following their solution, should 


Well controlled and understood in all further enrich scientific knowledge and 
studiee de&ling with health. all the peoples of the world. 
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Tiie question is often asked whether 
among the myriads of shining stars 
there are not numerous dark bodies or 
planets as well as smaller pieces of non- 
1 urninous material in the vast inter¬ 
stellar spaces. Our experience on the 
earth, as each hour we sweep up only a 
few meteors as the earth travels thou¬ 
sands of miles in its motion about the 
sun, would lead us to infer that space 
as a rule is fairly empty, but our solar 
region may not be typical. 

If there are dark planets connected 
with other stars, we have no means of 
finding them. In the thousands of close 
double stars, the smaller bodies are, so 
far as we know, always self-luminous, 
and as a rule they are far more massive 
than any of the sun's attendants. Small 


planets revolving about the stars, or 
even bodies larger than Jupiter, are 
quite out of our reach. Moreover, so 
great are the distances between the stars 
as compared with their diameters that 
for every luminous body in sight there 
could be many dark objects of com¬ 
parable size without our being aware of 
their presence. 

Obscuration Power of Dust 

It is only when material between the 
stars takes the form of small particles 
like gas or dust that we are likely to de¬ 
tect its presence from the obstruction of 
light. If a solid body is broken up into 
similarly shaped pieces each half the 
diameter of the original, there will be 
eight new objects each with a quarter of 



Fig. 1. XjjEFT: Star map showing two branches of the Milky Way in the reoion of the 

CENTER OF THE GALAXY, WHICH IS MARKED BY THE CROSS. EIGHT: MOSAIC 
PHOTOGRAPH BY EOSS, SHOWING STAR CLOUDS AND OBSCURED 
REGIONS NEAR THE CENTER OF THE GALAX#. 
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FIG. 2. DARK AREAS IN THE MILKY WAY. 


the surface of the first body, but having 
a total of double the area or occulting 
power. Similarly, if a star a million 
miles in diameter were divided into 
globes each one mile across, the increase 
in surface would be a million fold. An¬ 
other division by a million in the linear 
scale would give particles comparable 
with coarse sand, and a further division 
by one hundred would give dust par¬ 
ticles of a diameter about 1/600 centi¬ 
meter. Counting up the factors we have 
10 6 xl0°xl0 2 =:10 u as the increase of 
surface area produced by pulverizing a 
solid body the size of a star down to the 
consistency of fine dust. 

The number of individual stars that 
can be seen or photographed with pres¬ 
ent telescopes does not much exceed 10 10 , 
bo with due allowance for the gaseous 
state of the hot stars we have the rather 
striking inference that if a single body 
like the sun were broken up and dis¬ 
tributed around in space in the form of 
fine dust, the obstructing power of this 


matter would be greater than that of all 
the stars in sight. Therefore, if light 
from certain parts of the sky seems to be 
obstructed, the screen or curtain which 
blocks our view is more likely to be a 
mass of small particles than a clustering 
of stars. 

The simple geometrical consideration 
of the obstruction of light by different¬ 
sized bodies holds only so long as the 
particles are large compared with the 
wave-length of light. There is a range 
from a given limit down to the dimen¬ 
sions of molecules, call it between 10~ 5 
and 10' 8 centimeters, where the action 
of particles is to scatter in all directions 
the light which falls upon them, rather 
than to obstruct or reflect it back toward 
the source. 

The amount of this so-called Rayleigh 
scattering depends upon the color— 
strictly, it varies as the inverse fourth 
power of the wave-length—and it is 
made evident to us in the blue color of 
the sky. When we see the sun reddened 
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FIG. 3. N.G.C. 891. A SPIRAL NEBULA OR GALAXY SEEN EDGEWISE. 


near the horizon due to the longer path 
of the light through the atmosphere, the 
blue light which has been taken away 
from our direct perception has contrib¬ 
uted to the color of the sky somewhere 
else. Likewise if between us and a dis¬ 
tant star there are a sufficient number 
of gas or dust particles of the size that 
produces scattering rather than obstruc¬ 
tion, we shall find a certain space red¬ 
dening of the light coming to us, just as 
we do for the sun at sunset. In the 
process of either obstruction or scatter¬ 
ing there is what we may call absorp¬ 
tion, as the observer receives less light 
than he would if space were empty. 

Evidence of Dark Material 
There is strong enough evidence of 
dark material or dust in our stellar sys¬ 
tem. In Pig. 1 (left) are shown por¬ 
tions of the Milky Way as it is repre¬ 
sented on a star map. The two branches, 
one of which almost fades out, were for¬ 
merly attributed to the arrangement of 


clouds of stars, but it is now universally 
agreed that the division is due to a wide¬ 
spread obstruction of light in space. 

The combined photographs in Fig. 1 
(right) give a better idea of this region 
of the sky than can be had by direct 
vision on a clear dark night. It must be 
more than a mere coincidence that the 
center of our galactic system, deter¬ 
mined from positions and motions of 
many stars, should be just in the general 
direction where the Milky Way is di¬ 
vided, and where the evidence of dark 
material is most conspicuous. It may 
not be true that the rounded bulge of 
obscuration about the position of the 
center marks a dark kernel of our sys¬ 
tem, but at least there is no other region 
in the sky where the appearance gives 
such a strong suggestion of a nucleus. 

At first glance it is not easy to distin¬ 
guish between spaces which are between 
clouds of stars and the real effect of ab¬ 
sorption, but any hesitancy that We have 
in accepting the presence of dark mate- 









132 


THE SCIENTIFIC MONTHLY 



FIG. 4. THE PHOTOELECTRIC AMPLI¬ 
FIER ATTACHED TO THE 15-INCH 
REFRACTOR. 


rial is overcome by the appearance of 
such regions as that in Fig. 2, which is 
a much larger photograph of the first 
bright area to the right or west of the 
center in Fig. 1 (right). The conspicu¬ 
ous S-shaped affair, and smaller atten¬ 
dants, from their very appearance give 
the impression of complete obscuration. 
In many places the edges of the black 
spots are too sharp for it to be plausible 
that we are looking along holes or vacan¬ 
cies out to where there are no more 
stars. There is often the complication 
of stars in the foreground, and we have 
to do the best we can in conceiving of a 
simple model of the stellar system when 
stars and dark stuff are promiscuously 
intermingled. 

We are in much the same position as 
one bee in a swarm trying to make out 
some order of arrangement in the neigh¬ 
borhood : there is always the interference 
of the foreground companions. Our 
bee would get a better idea of his own 
swarm by looking completely outside for 
another swarm. We too can get some 


hints of our own galaxy by scrutinizing 
an external nebula as in Fig. 3. 

Consider the appearance of the heav¬ 
ens to an observer placed in the median 
plane of such a system and say two 
thirds of the distance out from the cen¬ 
ter to the edge. He would have a band 
of light or Milky Way extending all 
around his sky, and in one direction, 
toward the center, this band could well 
be divided lengthwise by a dark region. 
The conception of the nebula? being 
systems of stars like our galaxy is now 
universal, and we may fix the idea by 
learning the astronomical multiplication 
table, 4< A thousand million stars make 
one galaxy; a thousand million galaxies 
make one universe .’ 9 

Since there are many other flattened 
galaxies which show dark streaks down 
the middle, the evidence of possible ab¬ 
sorbing material in other systems is 
widespread. Thus far, however, we 
have considered only the obstruction of 
light that is unaccompanied by scatter¬ 
ing. The stars which we barely see 
through clouds of fine dust ought to be 
reddened, and we may digress to con¬ 
sider the means which have been devel¬ 
oped to detect such a change of color if 
it exists. 

The Photoelectric Amplifier 

As supplements to the eye and photo¬ 
graphic plate various physical instru¬ 
ments have been developed, among which 
is the photoelectric cell. This well- 
known device has been increasingly used 
in recent years; in fact, it has been well 
said that the applications of the photo¬ 
electric cell are limited only by the im¬ 
agination of the experimenter. Such 
cells have been known in the laboratory 
for half a century, but now we have 
their everyday use in talking pictures 
and television, for sorting or shading 
beans, buttons or cigars, for counting 
automobiles and pedestrians, for burglar 
alarms, for stopping or starting any¬ 
thing, even up to the World’s Fair, and 
finally for measuring the Milky Way. 
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It was the advent of the thermionic 
vacuum tube as developed for the radio 
that made possible the use of the ex¬ 
tremely minute current which is gener¬ 
ated in a photoelectric cell when ex¬ 
posed to faint light. Such a combination 
of cell and tube for use on a telescope is 
shown in Fig. 4. 

For many years the cells produced by 
Dr. Jakob Kunz, of the University of 
Illinois, have been applied to stellar pho¬ 
tometry, the measuring instrument for 
the current being hitherto some form of 
electrometer. The improved installation 
with cell and tube, mounted inside a 
tank from which the air is exhausted, as 
perfected by Dr. Albert E. Whitford at 
the Washburn Observatory, is consider¬ 
ably more stable and sensitive than pre¬ 
vious forms of the photometer. 

An indication of the sensitivity of this 
so-called photoelectric amplifier is given 
by some tests made at Madison. The in¬ 
strument was detached from the tele¬ 
scope and directed to an ordinary candle 
set up a mile distant across Lake Men- 
dota. With an exposure to this light the 
amplified photoelectric current caused a 
deflection of over 150 millimeters on the 
scale of the galvanometer, which was re¬ 
peated at will with a probable error of 
less than 2 per cent. With the incident 
light reduced some fifty-fold the deflec¬ 
tions were about 3 millimeters and the 
probable error only about 0.2 mm. By 
actual test the amplifier has thus easily 
shown the presence of a light equivalent 
to a candle at seven miles distance, 
farther than it can be seen by the eye; 
and the calculated limit of detection was 
a candle at about 30 miles, neglecting of 
course the effect of absorption by the air 
beyond the first mile which was actually 
observed. 

As the window of the photoelectric 
cell was just one inch in diameter, it is 
easily verified that the factor of in¬ 
creased power of the amplifier attached 
to a telescope is given simply by the 
aperture of the objective in inches. 



FIG. 5. THE AMPLIFIER AT THE NEW¬ 
TONIAN FOCUS OF THE 100 INCH 
REFLECTOR. 


Thus the installation on our 15-inch 
refractor would reach a candle at 450 
miles, while with the 100-inch reflector 
the limit would be extended to 3,000 
miles. Experience has shown that this 
degree of sensitivity can be maintained 
in practical working conditions for 
months at a time. 

The installation of the amplifier at the 
upper or Newtonian focus of the 100- 
inch reflector at Mount Wilson is shown 
in Fig. 5. For a star or nebula the total 
light can be determined, and then by in¬ 
sertion of suitable filters the spectral in¬ 
tensities in the blue and yellow regions 
are compared, giving a measure of th$ 
apparent color or the degree of redden¬ 
ing of the object. The operation of the 
amplifier on the large telescope is a 
three-man affair, requiring the regular 
night assistant to point to the selected 
region of the sky by means of the divided 
circles, one observer to identify the field, 
pick up the individual object, make the 
exposures, etc., and another to read the 
deflections of the galvanometer, located 













134 


THE SCIENTIFIC MONTHLY 


solidly at the base of the mounting and 
connected with the moving end of the 
telescope by some 120 feet of flexible 
cable. 

Our Galactic System 
With this digression as to methods of 
observation we return to considerations 
of the galaxy. The present conception 
of the general Milky Way system or 
galaxy to which the sun belongs is that 
of a very flattened watch-shaped system 
(Fig. 6), with which are connected the 
outlying globular clusters some 93 in 
number, but the arrangement of the 
clusters is nearly spherical in form. 
Each globular cluster is a system on its 
own account and comprises thousands of 
stars (Fig. 9a). Just why our galaxy 
should consist of the flattened main 



FIG. 6. THE GALAXY, AFTER OORT. 
Tub sun is at the center of the circles; 

THE RADIUS OF THE OUTER CIRCLE IS 8,000 LIGHT 
YEARS, A THOUSAND TIMES THE DISTANCE FROM 

the sun to Sirius. The larger dots repre¬ 
sent GLOBULAR CLUSTERS. 

group of stars with the related more 
dispersed system of globular clusters is 
not understood, but Hubble has found 
more than one hundred objects, tenta¬ 
tively identified as globular clusters, in 
much the same relation with the Andro¬ 
meda nebula. 

The sun is placed at a considerable 
distance out from the center of the 
galaxy, at the center of the small circles 
drawn in Fig. 6. Because of our immer¬ 
sion in the mass of stars the extent of the 
system is not easy to determine, and is 
still a matter of discussion among as¬ 
tronomers. We are probably able to see 


very few individual stars beyond the 
galactic center; in the median plane it is 
very doubtful whether our range ex¬ 
tends even as far as the nucleus, and the 
overall dimensions have been inferred 
from Shapley’s determination of the 
general system of the globular clusters. 

Perhaps a fair estimate of the current 
notions of the diameter of the main part 
of the galaxy is 80,000 to 100,000 light 
years, though in the opinion of the pres¬ 
ent writer this figure is more likely to be 
reduced than increased. Ail distances 
inferred from the apparent brightness 
of objects of assumed intrinsic luminos¬ 
ity are affected by absorption of light in 
space, and it is just in the direction of 
the galactic center and beyond that this 
absorption is most conspicuous. 

If we consider an observer near the 
sun studying the arrangement of stars at 
successive steps of increasing distance, 
as indicated by the concentric circles in 
Fig. 6, then as the stars become appar¬ 
ently fainter they would be distributed 
in narrower bands agreeing roughly 
with the position of the Milky Way. A 
selection of uniform stars is furnished 
by the B-stars of the Harvard classifica¬ 
tion. These objects, sometimes also 
called Orion stars from their prevalence 
among the bright stars in the constella¬ 
tion of that name, are among the hottest 
and brightest known. 

Their intrinsic luminosities range 
from 500 to 1,500 times that of the sun, 
and hence they may be seen at great dis¬ 
tances. Fortunately, also, their spectra 
are relatively simple, without the com¬ 
plicating effect of many strong dark 
lines or bands to cause abnormalities of 
color. At Madison we have recently 
completed a study of some 700 B-stars, 
all those brighter than visual magnitude 
7.5 which could be reached in the north¬ 
ern sky. 

Measures of the colors of these stars 
were made by Dr. C, M. Huffer and my¬ 
self with a photoelectric cell attached to 
the 15-inch refractor. The idea at first 
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was to compare the colors of IJ-stars in the stars in a large region of the sky 
pairs or small groups, taking one or were likely to be found to be affected, 
more objects within an obscured region, As the work progressed the observers 
and then others not far away where the became aware that any strongly red- 
stare were apparently more numerous, dened B-star was almost certain to be 
Any scattering of light by small par- close to the apparent central line of the 
tides in the spaces of the dark region Milky Way, usually within two or three 
would show up as a reddening of the par- degrees of the so-called galactic equator, 
tially obscured stars. This test was The results of the color measures of 
found not to work out so simply, as all B-stars are charted in Figs. 7 and 8, 



FIG. 7. COLOBS OF B-STABS CHABGED ACCORDING TO GALACTIC LATITUDE 

AND LONGITUDE. 

Stars or normal color ark represented by open circles ; reddened stabs be black circles. 
Tax irregular outlines mark the limits between which 


no outside nebula can be seen. . 
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with the convention that the redder the 
star the larger is the black circle to rep¬ 
resent it. As might be expected the 
extreme cases of coloration are found 
among the most, distant, or faintest stars, 
and from the form of the galaxy these 
are likely to appear at small angular 
distances from the median plane. The 
limits of the zone where Hubble finds 
practically no extra-galactic nebulae 
mark the region where we can not see 
out, so to speak, and it is in just this 
part of the sky where the coloring effect 
is found in the B-stars. It should be 
noted that Hubble’s limits extend north 
and south many degrees from the middle 
line, and hence include not only the dark 
obscuring division but the whole bright 
band of the Milky Way and even areas 
beyond. 


At longitudes 160° and 170°, roughly 
opposite the galactic center, Hubble has 
found two regions where a few nebulae 
can be detected on the photographs. 
That these places are “holes” with less 
absorbing or scattering material is con¬ 
firmed by the fact that no strongly- 
colored B-stars have been found near the 
regions, even when the observations are 
carried to fainter magnitudes with the 
reflectors at Mount Wilson. 

Study of Coloration 
Although we learn from groups like 
the Pleiades, containing many stars at 
approximately the same distance from 
us, that there are wide variations in the 
intrinsic luminosities of stars having 
similar spectra, we can still get fair mean 
distances by averaging many stars, and 



FIG. 8. (A) AND (B) THE REDDEST B-STARS. 


Small absorption at longitudes greater than 110°, with ** holes” at 160° and 170°, 


( C ) Density or the dark material in different directions, with maximum , 


NEAR THE GALACTIC CENTER AT 830 °. 
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FIG. 9. (A) AND (B) TWO EXPOSURES IN RATIO 16 TO 1 ON THE 

SAME GLOBULAR CLUSTER 

SHOWING HYPOTHETICAL ABSORPTION OF 3 MAGNITUDES BY INTERVENING DARK MATERIAL. 


in this fashion the amount of coloration 
per unit distance has been derived as is 
shown in the last diagram of Fig. 8. 

The technical quantity, E/1000 
Color-excess per thousand parsecs, is the 
measure of the amount of space-redden¬ 
ing in a distance of 3,000 light years. 
The diagram shows a maximum of color 
effect on the stars near the galactic cen¬ 
ter in Sagittarius, longitude 330°, with 
much less reddening in longitudes 120° 
to 200°—which include the winter con¬ 
stellations from Auriga to near Canis 
Major. Other observed differences in 
the amount of coloring are undoubtedly 
real, but the results may be affected by 
the lower limit of brightness to which 
the stars were observed. 

The B-stars were chosen for tests of 
coloration because of their great lumi¬ 
nosities, but the globular clusters, each 
with tens of thousands of stars, can be 
observed at distances many times greater 
than the individual stars. In fact, with 
the amplifier on the 100-inch telescope 
all the recognized globular clusters visi¬ 
ble from the latitude of Mount Wilson 
can be measured satisfactorily for total 
light and color, as they are'all brighter 
than the thirteenth magnitude while the 
instrument will reach to the fifteenth. 


Though the composite color of the 
many stars in a globular cluster is not 
so definite a thing as the color of a sin¬ 
gle star, the effective ratio of blue to 
yellow for the different clusters corre¬ 
sponds to their average spectrum, which 
is of solar type, and it is found just as 
for the B-stars that clusters in high 
galactic latitudes are of normal hue, 
while those apparently near or in the 
Milky Way are strongly reddened. The 
greatest effect thus far found is illus¬ 
trated iu Fig. 9a and b, where the red¬ 
dening is shown to correspond to a total 
absorption of 3 magnitudes or of 15/16 
of the visual light of the cluster. The 
real distance of a cluster with this de¬ 
gree of absorption is only one fourth as 
great as would be inferred from the 
apparent brightness of stars of standard 
luminosity found within its borders. 

The most colored B-stars which we 
have found in the Milky Way indicate 
an absorption of two stellar magnitudes, 
giving the factor 2.5 for the reduction of 
their computed distances. If obscuring 
effects of this size are evident in B-stars 
only 2,000 or 3,000 light-years from the 
sun, it would seem that objects still more 
distant along the median galactic plane 
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FIG. 10. GLOBULAR CLUSTERS NEAR THE CENTER OF THE GALAXY. 

The black circles indicate increased reddening in low latitude, with complete absence 
or clusters in the shaded zone. The cross for the center is the 
same size as in Fig. 1 left and right. 


would be red enough to be quite striking 
to the eye. 

Actually this is the case: we have 
often recognized a faint B-star with the 
100-inch by its yellow if not ruddy color. 
The maximum effect would be to change 
the white of a star like Rigel to about the 
yellow of Arcturus. In the globular 
clusters, however, the individual stars 
are so faint and the combined glow so 
feeble, even in the field of the large re¬ 
flector, that the red color, though con¬ 
spicuous with the cell, is not apparent to 
the eye. In Fig. 10 are charted the 
clusters near the galactic center, ob¬ 
servable at Mount Wilson but too low at 
Madison. 

Conspicuous on the diagram are the 


widened bulge of Hubble’s limits about 
the nucleus of the galaxy, the strong 
effect of space-reddening for clusters in 
low latitude, and the complete absence 
of globular clusters in a zone about 
seven degrees wide extending along the 
galactic equator. This significant and 
well-known absence of the clusters from 
the middle line is commonly ascribed to 
an absorption effect. Any other expla¬ 
nation seems forced, and the increased 
color of the clusters on the margin of 
the zone fits in perfectly with this idea. 

The Dark Filling of Our Galaxy 

It is probable that very few people 
have looked up in the southern shy on a 
summer's night and consciously said to 
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themselves, “ There is the center of the 
galaxy.’ 7 Even astronomers were reluc¬ 
tant to think of the Milky Way system 
being like one of the spiral nebulae, 
because there was no nucleus in sight. 
The trouble was that they were looking 
for something too small and too bright. 
The bulge of the nucleus, marked by the 
limits in Dig. 10, is some forty-five de¬ 
grees across; it would extend half way 
from the horizon to the zenith, and pho¬ 
tographs can show only part of the re¬ 
gion on one plate. 

Also the ordinary reproductions of 
negatives of the Milky Way and of the 
nebulae give an exaggerated impression 
of the surface brightness of the objects 
in the sky. The exposures of the plates 
of Fig. 1 (right) were about four hours, 
and of Fig. 3, seven hours. When seen 
directly through the telescope such 
nebulae are disappointingly faint. With 
all this in mind, the resemblance of the 
division of the Milky Way to the corre¬ 
sponding appearance of some of the 
nebulae is very striking to the naked eye, 


under the favorable conditions of a dark 
sky. 

The conception of the appearance of 
our galaxy from the outside as a round 
flattened system with a dark region 
down the middle is well exemplified by 
the object in Fig. 11. The general form 
of the system has often been likened to 
that of a watch or bun, but perhaps it is 
better to change the figure to a “ham 
sandwich” to allow for the dark filling; 
and we are in the midst of the “ham.” 
It should be remembered, however, that 
the stars do not thin out near the main 
plane; in fact, that is the region where 
they are probabty thickest. 

The presence of a thin absorbing layer 
of dark material concentrated near the 
middle of the galaxy, not more than a 
few hundred light years in thickness, 
was first emphasized by Trumpler from 
his studies of open clusters of stars dis¬ 
tributed near the galactic plane. The 
work with the photoelectric cell has con¬ 
firmed and extended his results. 

In addition to the material which 
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shuts out stars in the Milky Way, we 
now have ample evidences of smaller 
particles which give selective scattering 
near the same regions, but the picture is 
still incomplete. There is another whole 
dark galaxy or cloud in space, composed 
not of solid particles, but of atoms, 
largely ionized atoms of calcium. Where 
the large dust particles obstruct the light 
and the smaller ones scatter it, the cal¬ 
cium atoms produce only the selective 
absorption of a few lines in the spectra 
of stars seen through the cloud. 

Here again the B-stars are the best 
objects for the tests, partly because of 
their great luminosity, but particularly 
because there are few or no atoms in 
their atmospheres that are producing 
the dark lines caused by the interstellar 
calcium. The lines in the spectra of 
B-stans have been used by Plaskett and 


Pearce to demonstrate that the calcium 
cloud partakes in the rotation of the 
galaxy about the same center in Sagit¬ 
tarius that is marked by the motions of 
the stars themselves. 

There is one outstanding discrepancy, 
namely, that the B-stars with intense 
lines of interstellar calcium are not the 
stars that we find to be strongly red¬ 
dened. We should naturally expect the 
stuff between the stars to be mixed up 
pretty well together, but this is appar¬ 
ently not the ease. This lack of correla¬ 
tion between space reddening and cal¬ 
cium absorption has also been found by 
Elvey and Struve in photometric and 
spectroscopic observations of the same 
stars /taken at Yerkes Observatory. 

Just why this lack of agreement 
should exist is at present a puzzle, but it 
is probably not due to errors of observa- 



FIG. 12. (J) REGION OF THE ANDROMEDA NEBULA, 

PHOTOGRAPHED BY BARNARD WITH THE 10-INCH BaUCE TELESCOPE. 
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FIG. 12. ( B ) EXTENSION OF THE ANDROMEDA NEBULA. 

The numbers given the measured intensities in stellar magnitude per square second or 
arc. The nebula is 40 times fainter at 27 than at 23. (Negative by Ritchey). 



tion. There is some evidence that the 
calcium cloud is not as much condensed 
in a thin layer as the scattering dust, for 
when the B-stars are charted according 
to the intensity of the calcium lines, in 
diagrams similar to Figs. 7 and 8, the 
stars with strong absorption are much 
more widely dispersed in latitude. 
Taken altogether, the stuff between the 
stars, which is becoming increasingly 
evident, probably is of total mass as 
great or even greater than that of the 
stars themselves. The dark galaxy may 
turn out to be the major part of our 
system. 

Light Intensities of Nebulae 
The one difficulty with considering the 
Milky Way system as a galaxy similar 
to the numerous nebulae is that of size. 
The comparison is easiest made with a 
near and large object like the Andro¬ 
meda nebula (Fig. 12a). From the ap¬ 
parent brightness of Cepheid variable 
stars, novae and otiher objects in this 
nebula, the distance is calculated to be 


about 800,000 light years, and from the 
apparent extent on the photographs the 
diameter is some 40,000 light years. 
With the galaxy 200,000 light years 
across, the discrepancy in the linear 
dimensions of the two systems was about 
five to one, but with allowance for the 
effect of dark material on the inferred 
extent of our own system we can bring 
the ratio down to two or three to one. 

This nebula is far enough from the 
Milky Way so that we see it through 
only a small amount of absorbing dust, 
and hence its computed dimensions are 
but slightly affected, but if we could find 
that the nebula extends out farther than 
the pictures show, the difference between 
our galaxy and /the pebula would be still 
further reduced. With this test in mind 
an effort was made by Dr. Whitford and 
myself during the past summer to 
measure the light of outlying regions of 
the nebula with the installation art: 
Mount Wilson. 

We are likely to forget that the limit 
for faint stars an3 nebulae that can be 
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reached by the eye, or especially by 
photography, is set not so much by the 
size of the instrument as by the diffuse 
light of the sky. Even on the darkest 
night at a mountain station there is a 
faint glow in the atmosphere, due largely 
to a permanent aurora, which exceeds 
the light from the stars. Otherwise the 
exposure of four hours for such a pic¬ 
ture as Fig. 12a could be forty or even 
four hundred hours. For telescopes like 
the reflectors with focal ratio f: 5, an 
exposure of four or five hours is about 
as much as is advantageous; any addi¬ 
tional time will produce simply more 
blackening of the plate from the general 
light of the sky. 

In measuring the Andromeda nebula 
with the photoelectric cell the procedure 
was to comi>are the light of small areas 
near the nebula with regions of the sky 
several degrees distant. The galvanom¬ 
eter deflections were recorded at inter¬ 
vals along a north and south circle, and 
on subtraction of the mean deflection for 
sky alone, given by the outermost read¬ 
ings, from other deflections of sky plus 
nebula, the residual effects for the nebula 
were determined. 

The results are charted in Fig. 12b, 
where the small circles marked 25 indi¬ 
cate to scale the area of sky measured, 
and are placed about the nebula where 
the intensity was found to be equivalent 
to stellar magnitude 25 per square sec¬ 
ond of arc. As the light of the sky alone 
was about 22.3 mag./sq. sec. it follows 
that the nebula at these points was only 
1/12 as bright as the sky foreground, 
and similarly for magnitudes 26 and 27, 
as marked, the ratios of nebula to sky 
were 1/30 and 1/75, respectively. 

In this method the cell can detect 
about 1 per cent, of the sky brightness, 
the limit being placed by stars in the 
field too faint for the observer to see 
when selecting regions for measurement. 
A definitive comparison of the sensitiv¬ 
ity of the amplifier and the photographic 


plate has not been made, but it is known 
that the photographic limit for threshold 
images is about 25 mag./sq. sec., so the 
cell seems to be several times the more 
sensitive. 

The rough outline of the nebula for 
intensity 25 is shown by the broken line 
of Fig. 12b, and even this intensity is 
beyond the limits of the photograph. A 
study of the regions along the apparent 
major axis of the nebula has not been 
completed, but in the areas measured the 
extension is at least double that shown 
on photographs. We may, therefore, 
anticipate that the overall diameter of 
this neighboring galaxy will turn out to 
be 80,000 light years instead of 40,000. 

Other measures in and about the 
nebula give us a comparison with our 
own system. According to Scares, the 
surface brightness of the galaxy viewed 
from outside and in a direction at right 
angles to the main galactic plane would 
be 23.7 mag./sq. sec. This brightness is 
barely visible on the photograph of 
Andromeda, the central part of which is 
about 100 times brighter than the sun’s 
region of the galaxy. 

Just how bright our own system may 
be near the nucleus is difficult to esti¬ 
mate because of the dark material in 
that direction. The little circle at 25 
mag./sq. sec. for Andromeda encom¬ 
passes the light equivalent to 110,000 
suns, and out at 27 on the diagram the 
figure is nearly 20,000. 

At the center this same sized area in¬ 
cludes about 75,000,000 suns, a figure 
large enough to raise the question 
whether so many stars could be packed 
in so small an area without some being 
in front of others. A simple calculation, 
however, will relieve us on that score. 
If our line of sight in the direction of 
the nucleus of the nebula would always 
hit the surface of a star, then this part 
of the nebula would appear to us as a 
brilliant object with the surface inten¬ 
sity of the sun. Actually this surface 
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brightness is 28 stellar magnitudes 
fainter than that of the sun, and it fol¬ 
lows that the apparent spaces between 
the objects are 1.6 x 10 u times the area 
of the stars themselves. Thus there is 
still plenty of room between them. 

OtrR Galaxy Predominant in Size 

The nebula of Andromeda with its 
billion or more stars is one of the largest, 
if not the largest nebula, in sight. Per¬ 
haps the two companion objects in the 
photograph, apparently attendant nebu¬ 
lae, are more nearly typical of distant 
galaxies, but the main nebula is a close 
rival to our galactic system. In fact, the 
largest estimates for the Andromeda 
nebula exceed the moderate guesses for 
the galaxy. Lundmark places the nebula 
at about 1,500,000 light-yeans distance, 
which with the revised apparent diame¬ 
ter gives a real diameter of more than 
150,000 light-years, or half again the 
size of the Milky Way system. The pho¬ 
toelectric cell has contributed to this 


comparison by helping to enlarge the 
nebula, and to decrease the estimate for 
the galaxy. Nevertheless, even with the 
uncertainty of dimensions in our own 
neighborhood, the galaxy still stands out 
as a continent among the islands, but not 
as great a continent nor the only one, as 
was formerly supposed. 

Long ago men thought that the cen¬ 
ter of things was near the eastern end 
of the Mediterranean Sea. As the world 
grew larger it became a sphere, with 
other planets and the sun and stars re¬ 
volving about the earth. Centuries were 
required to move the center from the 
earth to the sun, and only recently have 
we taken the sun away from the middle 
of the stellar system. Now we may have 
our proper place, but characteristically 
our own galaxy is predominant, surpass¬ 
ing everything else in size and impor¬ 
tance. It is difficult to make the step, 
but ultimately we shall probably come to 
the conclusion that we live in just an¬ 
other galaxy, that's all. 
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Introduction 

The domestication of animals holds 
an important place in the list of great 
things that mark the progress of man. 
Coinciding with the culmination of 
man's essays that led to planting, there 
are seen in rearing and agriculture the 
founding of two great bases of civiliza¬ 
tion. 

There appear to have been three great 
phases of human experience with ani¬ 
mals: (1) Animals as human congeners; 

(2) man as distinct from other animals; 

(3) animals selected and controlled by 
domestication. 

Another may dome in the invention of 
economic forms of animals. The first 
period extends over the whole time, in¬ 
cluding man's origin and development 
to the transition to the Neolithic. We 
know little more than that in the course 
of this long formative period there was 
a succession of animals appropriate to 
climatic periods of the glacial ages and 
long extinct. 

The second period reveals what 
amounts to a revolution in human his¬ 
tory in the Neolithic and its preparatory 
phases. ITp to this time there was little 
hope that the genus Homo would achieve 
a notable destiny. In a few thousand 
years the indices of civilization were 
fixed. Man had separated widely in 
word, thought and deed from his animal 
roots and assumed his captaincy of na¬ 
ture. For helpers he began to domesti¬ 
cate animals, taking them out of their 
natural limits, changing their habits and 
otherwise adapting them to his own use. 

Previously, we view man as still en¬ 
meshed with nature, his subsistence nat¬ 
ural and his arts in stone, and environ¬ 
mental substances almost exclusively 
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devoted to the capture of food animals. 
Suddenly, if the word is allowable, 
tribes that had incubated in a favored 
area in Asia after the close of the Glacial 
Period found themselves capable of pur¬ 
poseful migration, with all this implies 
as to advance and spread of culture. 

These tribes swept into Europe arid 
established there the Neolithic. This 
period is characterized by agriculture, 
domestication of animals, house build¬ 
ing, village aggregations, pottery, wood, 
advanced utilization of fire, together 
with other arts. The Neolithic peoples 
brought with them the familiar domestic 
animals which we have inherited from 
them. It appears clear that these peoples 
domesticated animals at an early period, 
supposedly before 6000 R 0. 

Association of Man and Animals 

Domestication of animals is the culmi¬ 
nation of a long series of experiences 
with various types of herbivorous mam¬ 
mals and of birds. The early domesti- 
cators learned of the particular qualifi¬ 
cations that would lend themselves to 
the subjugation of species amenable to 
discipline. 

The inference is that man, closely con¬ 
nected with animal life in his early 
stages, would acquire a complete fund of 
knowledge of the habits and psychology 
of his wild congeners. Such knowledge 
was a part of his useful, even essential 
woodcraft. The nature of animals 
guided him in attack and capture. Sub¬ 
sistence was the prime necessity leading 
man to prey on animals valuable for 
meat. The animals would be gregarious, 
numerous, and ranging in an environ¬ 
ment suitable for hunting. These condi¬ 
tions are met with in the equidae and 



bovidae. Without doubt these herbivores 
•applied the specie* that eventually 
Would become domesticated. 

‘ Undoubtedly, however, these large 
animals would in the growth of man’s 
culture come under domestication later 
than smaller mammals as the goat and 
pig, and perhaps domestic birds, as 
ducks and geese. 

On the flanks of the wild herds we 
picture man pursuing the tactics of the 
primitive time—cutting out stray ani¬ 
mals, dogies or bogged cattle as he could, 
keeping within the range of his prey. 
The seasonal forage migrations of the 
animals enforced man’s migrations. 
These were not controlled until later, as 
in the story 11 Grass,” which is a picture 
of the early herders transferring their 
flocks over the mountains. 

The chief condition of herd existence 
is movement. The exigencies of delay in 
regard to parturition are set off by the 
short period of helplessness of the calf. 
Observation shows that in this state it is 
only a few hours until the calf can fol¬ 
low its mother. The calf soon acquires 
swiftness and it requires a speedy horse 
to keep up with a vigorous specimen. 

All the evidence points out that the 
herder stage antedates all other regu¬ 
lated contacts of man with domesticable 
animals. It is logical here to rehabili¬ 
tate the hunter stage of the older writers, 
but it must be said that the latter stage 
was mot applicable as a concept of a 
form of life in all environments. The 
roots of sgrieulture and animal hus¬ 
bandry are quite ctistinot; the presence 
of ftuimals as an adjunct of agriculture 
is a later conation in the latter Indus- 
Aa suggested, herding is the older 
industry and, .like, agriculture, continues 
occupation pursued by .ait 
' “ section of the human race' to 
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other classes is the result of evolution in 
a general sense, connoting the results of 
a process of life phenomena not as yet 
understood. ,, 

On the entry of man into the animal 
enclave as one of the products of evolu¬ 
tion we must place him in relation with 
the animal groups that it is his destiny 
to ward off, regulate and eonquer. 
Whatever was the condition of the ani¬ 
mal kingdom before man began his 
course, the changes since have been 
great. In some areas the changes have 
been prodigious and rapid compared 
with slow-moving nature. 

Domestication 

In treating of the origin of domestica¬ 
tion it will be seen at once that the sub¬ 
ject involves the distribution of man and 
domesticable animals, man’s phase of 
culture, his adaptation for the art, em¬ 
bracing the psychology of the animals, 
and of man himself, and other lines, for 
consideration. 

Considering the major animals of po¬ 
tential use to man, hunting by tribes 
would precede domestication and would 
provide a background for future control. 
There may follow then the herding by 
pastoral tribes afoot and later with the 
aid of the dog and horse. At subsequent 
stages of cultural advance animals were 
confined within narrow limits by seden¬ 
tary agricultural tribes utilizing the 
animal products and especially milk. 

It is suggested that the acquisitions of 
man have been somewhat as follows: 

Thing* near him needful. Savage 

Thing* farther away but ' 

bounded. -—.. Middle 8&>agt 

Thing* beyond the rude 

. boundaries ......., r — CKotKwd 

Trade and exploration tiMB ws d <«'•.',>1^ 

ownership 'and do* X'Vi' 

mestioatlon of animal* ■ .V ;' :,;/' 

■ .and' plants -■ /.> * 

Metal*, transportation, civil 
organisation, law _—_Act«e«r jrnHphtmed 
AAsrts andeduoattan ....MWfk Jta^Mosed V 
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It is evident that man did not domes¬ 
ticate animals until he reached a cer¬ 
tain stage of domestication himself. 
This stage for all races of men is not 
uniform, but is conditioned by various 
circumstances, such as the habits of the 
tribes, the presence of domesticable ani¬ 
mals, the regional aspects and the like, 
and the stage of advance in culture. 

The presence of domesticable animals 
depends on orographic conditions gov¬ 
erning the range of such species. These 
conditions have changed often in human 
history since the last glacial epoch, 
placed by Peake and Pleure at about 
4000 B. C. The changes have been im¬ 
portant enough to regulate the distribu¬ 
tion of man and animals over large areas 
of the Old World. 

In general, domestication of useful 
animals begins when conditi ms are ripe 
for the handling and protection of flocks 
and herds. This, of course, represents a 
considerable advance in culture by man, 
and such a state of society is compara¬ 
tively recent. The knowledge acquired 
on the art of domesticating animals was 
long in being brought together out of 
past experiences. 

The date at which domesticated ani¬ 
mals occur can not be ascertained with 
any degree of finality. It is not sup¬ 
posed that domestication took place all 
at once or in any one region, but it is 
true that the process was finished in a 
definite period of man’s history. This 
period is characterized by a considerable 
human progress, in which appears agri¬ 
culture, houses, pottery, wars of offense 
and other evidences of growth in culture. 

There is no evidence of domestication 
of animals in the ages before the Neo¬ 
lithic. Evidence is therefore lost on the 
handling of harmless animals that may 
have haunted the environments of early 
man, as, for example, the pets of the 
Arawaks and other South American In¬ 
dians. Commensal animals no doubt ex¬ 
isted, such as those that waited on car¬ 
nivores for a share of the catch. Of 


these the dog seems to have been early 
in hovering around the camps of man 
and perhaps the earliest in coming into 
domestication; note the skulking of the 
coyote and jackal. 

The response of human society to the 
utilization of domestic animals varies 
from quite general to limited. On the 
one hand are seen herdsmen intimately 
connected with their flocks, using the 
soil only for grazing, and the farmer 
possessing a limited number of animals. 
These occupations are self-limiting. The 
herdsman can not tend flocks and till the 
soil, especially before the advent of 
fences. He ranges his herds free, fol¬ 
lowing the seasonal growth of feed over 
the mountains or the plains. There is 
here no doubt some clew to the ori¬ 
gin and development of domestication. 
There is also ground for the separation 
of groups of men into pastoral and gre¬ 
garious. 

As to domestication of certain animals 
at more than one place and time there is 
some question. There is a tendency of 
pressure of civilization to limit or draw 
in animal life. Interference of natural 
range and capture and confinement may 
result in domestication. To answer the 
question of more important domestic 
animals research must be made on the 
geographical range of animals and thus 
their occurrence in localities where do¬ 
mestication was first practised. In this 
case each animal must be considered. 

Of the interval between the domesti¬ 
cation of useful animals in the Neolithic 
and their appearance and their utiliza¬ 
tion by peoples on the frontiers of his¬ 
tory we know little beyond the distribu¬ 
tion of such animals. At every advance 
of this frontier, however, the chief do¬ 
mestic animals are found to accompany 
the culture of the ancient civilizations 
using the prime metals. 

‘‘The horse was known in Babylonia 
as early as the time of Hammurabi” 
(2124-2081 B. C.). 1 Dr. Smith states 

1 Sidney Smith, n Early History of Assyria / 9 
pp. 218-214, N. Y., 1980. 
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that the Babylonians believed that the 
horse was known as early as 2500 B. C. 
He also states that the Hurri of Indo- 
European stock and believers in Hindu 
gods were great horsemen. This would 
suggest that the horse came to the west 
from India. 

A picture of primitive man in asso¬ 
ciation with wild cattle is given in the 
Sumerian epic of Gilgimash. Eukidu, a 
Sumerian god, was in the beginning a 
typical savage watering at the springs 
and feeding with the cattle. When 
Enkidu was taken into the city and asso¬ 
ciated with men the wild cattle no longer 
recognized him, but fled away from 
him. 2 

A study of the economic animals leads 
to the surmise that these were brought 
under domestication in Asia. There is 
no doubt on this point as to the camel, 
elephant, yak and water buffalo. These 
may be considered local domestications 
of special animals inhabiting special 
areas. Changes from hunter to pastoral 
and sedentary life seems to have been 
less affected by climatic causes in Asia 
than in Europe. Studies of the domesti¬ 
cation lead to Asia as the center of dis¬ 
tribution of most of the major domestic 
animals. The locality where this took 
place is probably east of the Caspian, 
known as Eastern Turkistan. 

Some suggestions as to the domestica¬ 
tion of animals were presented in an 
article 1 * The Development of Agricul¬ 
ture/ 9 published in The Scientific 
Monthly for October, 1929, pp. 301- 
310, and a more popular account in 
“The Story of Fire/' 8 These referred 
to contacts of man with animals of vari¬ 
ous mammal groups whose habits and 
make-up would put' them in line for 
future domestication. 

As set forth, the preparation of the 
man stem, aiding him to become man, 
is paralleled in the development of cer- 

* Stephen Langdcm in * * Mythology of All 
Baces/' vol. 5, The Semites, p. 238, N. Y., 1931. 

4 Houbleday, Horan and Co., p. 27, 1930. 


tain herbivorous mammals that subsist 
on what may be called primary food. 
These forms entering into domestication 
have originated by a process of selection. 
The early stages of this selection, arti¬ 
ficially influenced by man and involving 
submission by the animals, can only be 
conjectured. 

We know, however, that the natural 
association with wild animals of the 
Pleistocene was not of a type to foster 
domestication. The horse, wild cattle 
and smaller mammals, marked in a sense 
for domestication, were hunted for meat, 
skins and other useful products. Their 
diffusion necessarily was not uniform as 
to time and area, but the mammals men¬ 
tioned survived into the age when the 
circumstances of human culture per¬ 
mitted the application of domestication. 
At this time the suitability and adapta¬ 
bility of animals for domestication was 
gauged, as suggested, by the experiences 
of a long period of association in what 
has been called the stage of savagery. 

The fear that is engendered in ani¬ 
mals by happenings out of the ordinary 
is a protective device. In conditions 
where, for a period of undetermined 
length, animals are not subjected to fear 
the protective device is obliterated, be¬ 
coming a useless function. Many in¬ 
stances of this have been observed, and 
their occurrence is noted as extra normal 
by believers in the tooth and claw order 
of nature. Observers in new country 
have recorded with expressions of sur¬ 
prise the lack of fear by animals. 

It is true that discharge of firearms, 
the light and smoke of camp-fires very 
soon puts an end to an edenic simplicity 
like this. Fear is displayed, often in an 
exaggerated degree, and at the same 
time the animals become educated in 
evading the dangers. It is seeen that 
the inventions of man for the capture of 
animals require increasing refinements 
to be effective. There is no doubt that 
most animals are apt students in the 
school of experience. 
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There still remain in remote parts 
zones of peace where animals are unac¬ 
customed to fear. One such zone was 
found in Tibet by naturalists on the 
British Mt. Everest Expedition. In this 
case the naturalists were permitted to 
observe the animals, but not to collect or 
disturb them, these rules being promul¬ 
gated by the Tibetan authorities. An¬ 
other instance, not man-controlled, was 
brought to my attention by Henry B. 
Collins, Jr., who observed the lack of 
fear among the birds and animals dur¬ 
ing his explorations on St. Lawrence 
Island, Alaska. 

The adjustment of tribes of men and 
the animals in their environment is also 
noted. The announcement of “plenty 
of game” is not inconsistent to the pres¬ 
ence of population, that is, of natives 
whose predilections and needs are not 
those of races called enlightened, who 
are only satisfied with extermination of 
the fauna. 

The above leads to the generalization 
that domestication is not the province of 
cruel and fear-engendering men. Do¬ 
mestication came about in zones of peace 
and was accomplished by peaceful men 
through kindly methods. 

The coming together of such fortui¬ 
tous circumstances as such animals suit¬ 
able for domestication and men of the 
peaceful, patient type undoubtedly was 
found in Asia, where our domestic ani¬ 
mals originated. 

An examination of the degree of do¬ 
mestication of various animals leads to 
the view that tolerance, semi-domestica¬ 
tion and domestication are the classes 
into which they may be divided. The 
camel is an example of the first class. 
The carabao is only semi-domesticatcd, 
given to stampedes, is individual and 
requires care, and on the whole is just 
tolerant of man. 

In general, the care of animals de¬ 
pends on their stage of domestication 
and also their physiological make-up, 
psychology and habits. 


When man hunted animals there was 
begun strategy by which numbers could 
be surrounded. At a later stage 
this strategy was continued and finally 
adapted to the taking of animals for 
domestication. Animals of smaller size, 
as goats and sheep, being huddle ani¬ 
mals, could be cared for more easily 
than the herd animals ranging over a 
wide feeding ground. With the herd 
there was less personal touch than with 
the sheep, which could be led or con¬ 
trolled by a shepherd. 

The handling of the flocks and herds 
required at the beginning of the in¬ 
dustry a knowledge of the habits and 
reactions of each species. In the con¬ 
trolling of animals we have several ap¬ 
pliances of early invention. Mention 
may be made of fixed adjuncts as fences, 
corrals, pockets, gates, barns and out¬ 
houses. Free adjuncts would be in part 
lassos, cords, whip, goads, crook, harness 
and saddles. In handling animals we 
note nose snubbers and hobbles. 

Animal aids also played a prominent 
part in the control of animals, the dog 
especially. The horse after its domesti¬ 
cation and use for riding was always a 
most valuable aid in the control of herd 
animals, though not indispensable, as 
man has fleetness of foot in a high de¬ 
gree. Other domesticated animals are 
used to decoy or force in other beasts, as 
with elephant captors. Sometimes the 
sex urge is used. 

Man has a decided aid in promoting 
domestication by what may be called the 
food whip. He has great power in giv¬ 
ing and withholding food and water to 
animals. We do not know when this 
method of coercion was applied to do¬ 
mestication, but it must have been pri¬ 
mary. Captured animals go on a hunger 
strike, but presently come to accept food 
from man. By stages the food giving 
becomes a customary thing and the ani¬ 
mal is well on the way to being domesti¬ 
cated. The habit of receiving food' be- 
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comes a part of animal experience and 
strengthens the dependence on man. 

It is observed that stress often softens 
the wildness of animals, as in the winter 
the wild elk of Yellowstone Park coming 
down from the mountains to limited 
feeding grounds become quite tolerant of 
man. Drought, fires, storms, earth¬ 
quakes, cold, heat, overgrazing—all have 
their problems for animals and give man 
advantage in beginning domestication. 

The killing of feral animals by man 
with his superior weapons is also seen to 
be an aid in the amelioration of herd 
animals. In this respect man has uncon¬ 
sciously paved the way to the art of 
domestication. 

Man with his superior intelligence 
could take advantage of the hampering 
of animals by the terrane. It may justi¬ 
fiably admit of supposing that sheep and 
goats could be captured in pockets in the 
mountains or during heavy snows. 

Many tribes of the world are destitute 
of domestic animals and are in this re¬ 
spect like the tribes in the early periods 
before domestic animals were acquired. 
Notably they were absent in Australia, 
not even the almost universal dog being 
found there among the wild tribes. The 
Negritos of the Philippines had no dog. 
Negroid Africa was gradually supplied 
with domestic animals, and even now 
some tribes have none. Much of the 
New World possessed only the domesti¬ 
cated dog. 

Effects of Domestication 

When the art of domestication began 
it was not realized what rapid evolution¬ 
ary processes would follow on the ani¬ 
mals themselves. The subject of animal 
variation is of fascinating interest, but 
can only be mentioned here. 

The effects of domestication due to 
the segregation and working, that is, 
handling, of animals may have been ap¬ 
parent in a comparatively short time. 
With increasing knowledge man laid the 
foundation of animal industry by selec¬ 


tion of variations, breeding, castration 
of unneeded males, separation of age and 
sex groups, feeding and 44 working/’ 
The industry represents the trial and 
error of thousands of years and is always 
with human advance accumulating new 
knowledge whose bounds no one can pre¬ 
dict. 

Pets and Tolerated Animals 

The adoption of animals as pets offers 
an interesting chapter, throwing light 
perhaps on the processes of domestica¬ 
tion treated in this paper. The domi¬ 
nance of man over animals, growing 
more and more from the earliest periods 
of which we know, would indicate the 
possession of pets and tolerated animals 
at almost all periods. The abstraction 
from the environment of small animals 
as pets and commensals is usually a tem¬ 
porary matter, and it is likely that for 
the most part little of economic value en¬ 
sues. The harboring of pets seems to be 
a human trait, but is reflected in nature 
by various contacts of one animal with 
another. 

There is an infinite number of exam¬ 
ples of pet domestication, some dating 
far in the past. Conditions in north¬ 
western South America give rise to the 
acquisition of many pets. Travelers re¬ 
mark on the number of birds and other 
animals freely moving about in the 
palm-thatched communal houses of the 
Caribs and Arawaks of British Guiana. 
Hunters in the jungle, armed with bow 
and blowgun, preserve the silence of the 
dark forest. The animals are not fright¬ 
ened, as remarked on the preserves in 
Tibet. 

There are many instances where birds 
are confined for special uses, notably for 
feathers. The turkey of the Pueblo In¬ 
dians is not eaten, but is kept as living 
supply of ceremonially pure feathers and 
these birds are very tame. The eagle is 
caged by the Zuni Indians for the same 
purpose, but this bird is untamable. 

It seems that the economically Useful 
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birds, like the chicken, may have been 
brought into domestication through the 
pet stage. Eggs are a bird hazard, and 
where the knowledge of artificial incuba¬ 
tion became known domestication was 
well to the fore. 

It seems quite reasonable that the dog 
at first was a tolerated animal that had 
attached himself to the camps of man as 
a consumer of offal. The dog as a 
hanger-on policed the outskirts, and his 
primary value was watchfulness and the 
sounding of an alarm when animals or 
enemies approached. Gradually, and 
likely by the pet approach, the dog be¬ 
came closely allied to man. Rightly the 
general opinion is that the dog was the 
first domesticated animal. In every 
stage of man’s culture the dog has fitted 
in an almost indispensable part. 

There may be some connection between 
the feature of animals in cult and domes¬ 
tication. There is no selection on this 
basis, feral as well as domesticated ani¬ 
mals appear in the series. The selecting 
of cult animals was not a haphazard 
matter but was influenced primarily by 
respect for or fear of animals whose 
qualities were recognized through the 
ancient contacts. This may give a clew 
to the origin of animals in cult. It will 
be seen that the idea of fierceness and 
strength preponderates in cult animals 


MONTHLY 


chosen to this day. Domestic animals in 
cult have a wide usage—for example, the 
cow, bull and dog in Egypt. 

Clearly the progress of man has been 
much assisted by the possession of do¬ 
mestic animals. The hampering effect 
also should be noted, but the counter 
value in giving man a basis of subsis¬ 
tence and the impedimenta of possession 
and care of his charges, tending to en¬ 
force a more stable method of living, is 
likewise an important factor in his 
progress. 

In this progress the period at which 
the correlation of vegetal food and ani¬ 
mal meat and milk food tended greatly 
to foster the well-being of man. This is 
notable in civic organization, bringing 
the herder and agriculturist together as 
elements in the culture complex. The 
growth of society in regard to the sur¬ 
roundings of domestic animals may be 
considered as for herdsmen only, many 
of one or more kinds; cultivators, fewer 
to many; villagers, few; and city dwell¬ 
ers, few or none. 

The orderly migration of man was 
facilitated by the possession of domestic 
animals. At first the movement would 
be with the grazing herd. At a later 
stage animals would be used for riding 
and traction. In war the provisions 
would be transported on the hoof. 
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The Uniform Month of the 13 
Months Plan 
Every Month 4 Weeks 
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In considering the reform of the cal¬ 
endar, certain things should be kept in 
mind: 

(1) Calendar reform no longer has to 
be the business of astronomers, who on 
occasions of previous reforms were the 
chief authorities consulted. The changes 


ing to economic and social considera¬ 
tions arising from the use of the months 
and weeks. 

(2) The demand for improvement has 
arisen chiefly because of the radical 
changes in our economic and social life 
that have occurred during the last ©ne 
hundred and fifty years. These changes 
have speeded up our progress and 
thereby made it necessary to measure 
and study it in short periods of time, 
particularly our economic progress. In 
consequence, because the shorter periods 
available—the months and the weeks— 
are hodge-podge in their composition 
and arrangement, the calendar has be- 
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with which they dealt had to do with 
adjusting the calendar to the length of 
the solar year. That task was finally 
accomplished with the Gregorian re¬ 
form of 1582. The reforms now pro¬ 
posed have nothing to do with astronom¬ 
ical equations for the solar year, but 
with the composition and arrangement 
of the calendar’s months and weeks 
within the solar year. It is purely a 
problem of simple arithmetic respond- 
J Mr. Stile# era# a delegate of the National 
Committee on Calendar Simplification for the 
United State* to the flrBt International Con¬ 
ference on Calendar Reform at Geneva in 1931. 


come a hindrance rather than a help to 
progress. The months are not only un¬ 
equal (31, 30, 29 or 28 days) but (ex¬ 
cepting February) contain more than a 
whole number of weeks, and, in addi¬ 
tion, incessantly change in their week¬ 
day composition. They are not, in any 
way, comparable units. 

Practical economic convenience is the 
impelling motive of the movement plus 
social convenience. Any reform that 
can not achieve the maximum practical 
economic and social improvements 
surely is not worth while. To ask the 
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world to undergo the disturbance of 
change for a partial reform and mini¬ 
mum benefit is asking too much. 

(3) In modern life the month and the 
week are the most used units of the cal¬ 
endar. In our personal affairs we 
scarcely give thought to the quarters of 
the year as a measure of time; we date 
and calculate by the month and the 
week. In the affairs of business the use 
of the month and the week as measures 
of performance and for comparative re¬ 
ports and statistics is immeasurably 
greater than that of quarters. Business 
no longer waits for a quarter of a year 
to elapse before finding out where it 
stands. Hence it is far more important 
that the months be equalized and that 
each be a multiple of the week than to 
have a mere equalization of the quar¬ 
ters, as proposed by som^. Scientific 
data based on periods of time is likewise 
measured far more in months and weeks 
than quarters. 

(4) In choosing a plan of reform, 
practical experience is the test of worth. 
More than 400 large businesses in the 
United States and Canada have within 
recent years adopted private business 
calendars consisting of 13 equal 
“months” of four weeks each. They 
use these in order to escape the disad¬ 
vantages of the 31 and 30-day months 
and broken weeks of the present calen¬ 
dar for their accounting, statistical re¬ 
ports and business management. The 
business use of the 13 four-week periods 
in Europe is also growing. Should suc¬ 
cessful experience with a plan of calen¬ 
dar reform be left out of consideration 
in comparing it with a plan that has 
never been tried? 

The Two Plans 

The 13 months principle of reform, 
proposed for universal adoption as a 
fixed perpetual calendar, is designed to 
meet the compelling economic and social 
requirements for equal months. A 13th 


month is introduced because, without 
abandoning the use of the 7-day week, 
equal months of four weeks each can be 
secured in no other way. The alternative 
proposal for a fixed calendar, which 
merely equalizes the quarters in order to 
keep the traditional 12 months, can not 
correct the inequality in the lengths of 
the months, can not provide for months 
containing a whole number of weeks, 
can not prevent changes in the week-day 
composition of the months from one 
month to the next. This is because its 
months consist of 30 or 31 days and 
have fractional parts of weeks. 

Let the features of difference in the 
structure of the 13 equal months plan 
and the 12 unequal months equalized 
quarters plan be compared: 

The 13 months calendar divides the 
year into months of four weeks each. 
The names of the present 12 months are 
retained. The additional month, called 
“Sol,” is placed in the middle of the 
year, between June and July, in order 
to disturb as little as possible the posi¬ 
tions of the present months within the 
year. Calendrically, December has 29 
days and the last week of that month 
has eight days. This eighth day is given 
the non-week-day name of “Year Day,” 
to be dated December 29, and would be 
observed as a holiday. In leap years the 
last week of June lias eight days with 
the last day given the name of “Leap 
Day,” dated June 29, and would like¬ 
wise be observed as a holiday. 

Practically a 364 day business year is 
thus created, for the most of our busi¬ 
ness activities. Each month then be¬ 
comes an exact multiple of the week 
and, as nearly as nature will permit, 
each month is a sub-multiple of the cal¬ 
endar year, and an exact sub-multiple of 
the 364 day business year. In terms of 
months, the quarters do not contain a 
whole number of months, but each quar¬ 
ter has exactly 13 weeks. Each year 
would begin on Sunday. Each mpnth 
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would begin on Sunday. Each quarter 
would begin on* Sunday. Each day of 
the week in each month would fall per¬ 
petually on the same four recurring 
dates. This arrangement is the nearest 
possible to a perfectly uniform, perpet¬ 
ual solar calendar that can be devised 
without abandoning the use of the 
seven-day week. 

In contrast, the 12 months plan is 
limited to making only the quarters of 
the year uniform. This is done by 
shifting seven dates, which alter the 
lengths of five months in such a way that 
each quarter will contain one month of 
31 days and two of 30 days. The “Year 
Day” is introduced at the end of the 
year and “Leap Day” in the middle of 
the year as in the 13 months plan. 

Each year would begin on Sunday 
and the first month of each quarter 
would begin on Sunday, but the second 
month would begin on Wednesday and 
the third on Friday, so that in each suc¬ 
ceeding month throughout the year the 
week-days would fall on different dates. 
The quarters are equal, each with 13 
weeks, but the inequality among the 
months is perpetuated. No month is a 
multiple of the week. The glaring de¬ 
fect of broken weeks at the beginning 
and end of months is perpetuated. 
There would be sixteen broken weeks in 
every year. The 31 and 30-day months 
are in neither case a sub-multiple of the 
364 day business year, nor are they as 
nearly a sub-multiple of the calendar 
year as are the months of the 13 months 
plan. 

The Practical Requirements 

Notwithstanding the defects of the 12 
months plan, its advocates urge that it 
be chosen by governments for submis¬ 
sion to their legislatures on the ground 
that the 13 months plan would not be 
accepted by the public. A calendar in¬ 
troducing another month would be “too 
revolutionary . 99 They place much em¬ 
phasis, too, on the indivisibility of 13 as 


an objection to 13 months. They also 
argue that making the calendar perpet¬ 
ual and limiting the changes to equaliz¬ 
ing the quarters will effect all the im¬ 
provements that are essential. 

To those who have given but casual 
thought to the question of calendar im¬ 
provement and to those not practically 
familiar with its bearing on business 
life, the 12 months equalized quarters 
compromise has a plausible appeal. 
Without doubt, too, it appeals to the 
ultra-conservative mind, to those who 
approach the question from an academic 
view-point, to those influenced by the 
superstitions of numerology and to the 
ultra-sentimental. But from the stand¬ 
point of the practical work-a-day world, 
it is easy to show that the 13 months 
plan alone meets the practical require¬ 
ments ; that the alternative proposal de¬ 
mands that the public undergo the dis¬ 
turbance of a change without commen¬ 
surate benefit, and, if adopted, would 
leave to posterity the task of another 
revision. 

From the economic standpoint the 13 
months plan alone can meet the two 
following requirements. 

(1) Business comparability of any 

month with the corresponding 
month of previous years. 

(2) Business comparability between 

different months of the same 
year. 

This is simply because each month has 
four weeks, composed of the same num¬ 
ber of the same kind of business days 
(barring holidays which are present in 
any calendar). 

The 12 months equalized quarters 
plan meets only the first. It can not 
establish comparability between differ¬ 
ent months of the same year because 
(a) Four of its months have 31 days 
and eight have 30 days, (b) Eight of 
its months have fractions of one week 
and four have fractions of two weeks, 
(c) In all of its months two or three 
days of the week variously occur five 
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times, such as five Saturdays, five Sun¬ 
days, etc., causing variations in the 
total business value of each month. 

Advocates of the 12 months plan ex¬ 
cuse the lack of comparability between 
one month and another by saying that 
such comparisons are not essential. 
They say that it is of paramount value 
to compare August, 1933, with August, 

1932, for example, but is of little value 
to compare August, 1933, with July, 

1933. 

If this claim were valid, if compari¬ 
sons only between months of different 
years were of paramount value, very 
little reflection will show that it would 
not be necessary to change the calendar 
at all, except in two slight particulars. 
We need only to give December 31 of 
the present calendar the name of “Year 
Day” and February 29 the name of 
“Leap Day”; in other words, simply 
make the present calendar a perpetual 
calendar, and the purpose of securing 
comparisons between months of differ¬ 
ent years is fully accomplished. 

It must be quite clear that if without 
other change these two specially named 
days be introduced into the present cal¬ 
endar, every year can be made to begin 
on Sunday and the annual shifting of 
the days of the week to different dates 
in each month will cease. Each month 
will then have its exact counterpart in 
every year as to order, number and kind 
of days of the week it contains. There¬ 
fore, correspondingly named months in 
the present calendar will be exactly com¬ 
parable. 

What then is the use of the new 30 
and 31-day months of the 12 months 
plan? Why cause the disturbance of 
rearranging the months when the de¬ 
sired comparisons between the same 
months of different years can be secured 
by the far simpler and less disturbing 
expedient described above? 

The obvious fact is that this rear¬ 
rangement is made to secure the equal¬ 
ization of the quarters and in proposing 


this and pointing to it as an advantage, 
the advocates of the 12 months plan con¬ 
cede that, at least to that extent, equal¬ 
ization of periods within the year does 
have value. 

But equalization of the quarters is as 
far as the 12 months plan can go in 
producing comparable periods within 
the year. The advocates of the 13 equal 
months plan show that this does not go 
far enough to be worth the change. 

W ORTH-WHILENESS 

First, from the standpoint of com¬ 
parability within the year, the mere 
equalization of the quarters of the year 
meets no compelling economic require¬ 
ment, because the use of the quarter of 
the year as a business time unit is ex¬ 
ceedingly small compared with the 
month and because the quarters are al¬ 
ready nearly equal in the present cal¬ 
endar. 

Second, while accurate comparability 
between corresponding months of differ¬ 
ent years is an essential requirement of 
any reform of the calendar, accurate 
comparability between months of the 
same year is equally essential, if not 
more so. 

The sound reason for these statements 
is that a vast number of comparisons 
between months in the same year are 
now used in our economic life, and that 
such comparisons would be universally 
used if the months were equal. In a 
multitude of businesses profit and loss 
accounts are compiled by the months 
and compared not only with the same 
month a year ago, but with previous 
months of the same year. Statistical 
reports such as those of sales and pro¬ 
duction are similarly compared as a 
general rule. One need only scan the 
financial pages of newspapers, the pub¬ 
lished statistics of trade associations in 
trade magazines and the business statis¬ 
tics issued each month by the Depart¬ 
ment of Commerce to find that in most 
of them comparisons are made with the 
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previous month as well as between the 
corresponding month of the previous 
year. In some cases they are adjusted 
for calendar-caused distortions, in others 
given for what they are worth. In¬ 
numerable charts and graphs are con¬ 
stantly being prepared to show monthly 
trends Within the year. 

An outstanding example of month to 
month comparisons of vital importance 
to our economic life is the monthly sta¬ 
tistics of foreign trade and the resulting 
changes in the trade balance, frequently 
distorted when there are five week-end 
sailing dates in one month compared 
with four in the previous month. 

Importance of the Week 

Furthermore, a multitude of statistics 
are now based on the week. These can 
not be correlated with the months of the 
present calendar nor could they be with 
the months of the 12 months plan. The 
fact is that in many businesses where 
weekly statistics of sales, production, 
etc., are essential to keep close track of 
performance and of current trends, and 
where monthly statistics are also essen¬ 
tial for monthly financial statements, 
the splitting of weeks at the beginning 
and end of months requires extra labor 
that would be eliminated if four weeks 
coincided with a month. This defect of 
the present calendar is one of the rea¬ 
sons why the use of the 13 months busi¬ 
ness calendar is growing. 

Again excusing the inequality of the 
months of the 12 months plan the claim 
is made that they are practically com¬ 
parable with one another because each 
has twenty-six working days. This 
claim is not, from a business standpoint, 
a valid one, because of the different 
business values of the days of the week. 

For example, March of the 12 months 
plan has five Saturdays and February 
only four. The retail trade—chain 
stores, department stores, grocery stores, 
etc.-—do a large per cent, of their busi¬ 
ness on Saturday. 


March likewise has five Fridays and 
February four. Evening newspapers 
get the largest portion of their advertise 
ing on Fridays. 

March has four Wednesdays and 
Thursdays, but February has five. 
Hotels get the best patronage on Wed¬ 
nesdays and Thursdays. 

Thus monthly comparisons within the 
year would continue confusing for a 
multitude of businesses. 

Further, if the five-day working week 
be adopted the comparability of con¬ 
secutive months would be even more 
confusing. Again for those industries 
which operate every day of the week 
such as transportation, public utilities, 
moving-picture houses, steel and iron 
mills, etc., the twenty-six work-day 
claim has no point whatever. 

Again, consider the use of the months 
within the year for the purposes of 
budgetary control and compare the sim¬ 
plicity of apportioning expenses to 
months the same in length and composi¬ 
tion with the difficulties of doing the 
same to months of unequal length and 
varying composition. 

In sum, were the 12 months plan to 
be adopted, only part of the job would 
be done. August of this year, for exam¬ 
ple, would be truly comparable with 
August of last year, but not with July. 
This serious defect of the 12 months 
plan for economic uses can not be dis¬ 
puted and is so because, except for the 
rare business for which the seven days 
of the week are all the same, each suc¬ 
cessive month of that plan has a changed 
comparative value because of its differ¬ 
ent week-day composition. Why per¬ 
petuate it? 

Moreover, it is obvious that unless it 
is a perpetual calendar (to which there 
is religious objection from seventh day 
Sabbath keepers) the 12 months plan 
practically loses all its value. Deprived 
of “Year Day” and “Leap Day” there 
would be an incessant change in the 
week-day composition of all its months 
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from year to year as well as within the 
same year, just as in the present calen¬ 
dar, with the result that its year-to-year 
comparability between months would be 
lost entirely and thereby nothing left 
but a mere equalization of the number 
of days in the quarters, 91, 91, 91 and 
92 instead of 90, 91, 92 and 92 as at 
present. The difference involves a 
change in seven dates, but what is the 
use of changing seven dates when the 
mere equalization of the quarters can be 
achieved with much less disturbance, 
simply by transferring August 31 to 
February 291 

On the other hand, the 13 months 
division without “Year Day” and 
“Leap Day” still remains worth while 
because it can achieve a large percent¬ 
age of the benefits of the reform. There 
would be four weeks in each month con¬ 
taining the same number of the same 
kind of days except December with an 
extra day each year and June with an 
extra day in leap years. The order of 
these days in each month would, of 
course, change each year and the holi¬ 
days would change to different days of 
the week (Thanksgiving and Labor Day 
to different dates) but the months 
would be comparable just as are the 
four-week periods of private business 
calendars. 

The Indivisibility of 13 Months 

Notwithstanding the indisputable fact 
that throughout our economic life, the 
month and the week are by far the most 
used periods of the calendar, the 13 
equal months plan is assailed as imprac¬ 
ticable on the ground that “quarterly 
statements are a fixture in present day 
business and finance,” and that since 13 
months are not divisible into quarters, 
the preparation of such statements 
would present difficulties. 

The answer to this criticism is that if 
it were true that the business of the 
country were exclusively accounted for 
on the quarterly basis, there would be no 


good business reason for adopting the 
13 equal months plan. 

Many businesses, it is true, issue 
quarterly financial statements, but for 
what purpose ? Primarily for the infor¬ 
mation of their stockholders, their 
bankers, and the investing public, to 
show the condition of the company. 
But no modern business could possibly 
be successful if its management allowed 
three months to pass before gaining 
knowledge of the results of its perform¬ 
ance from time to time within that 
period. This is the reason for compara¬ 
tive monthly reports of sales, produc¬ 
tion, operating and other costs, and for 
monthly profit and loss statements that 
are now so generally in use. The quar¬ 
terly report is but a recapitulation of 
these working reports for shorter 
periods. 

But even as recapitulations, are finan¬ 
cial statements strictly by quarters of 
the year essential ? Are they so vital to 
our business life that it is more essential 
as a method of calendar reform to equal¬ 
ize the quarters than to equalize the 
more frequently used months f It is 
significant that some users of the 13 
months business calendar, who formerly 
issued quarterly financial statements, 
have abandoned them and use only 
monthly and annual statements. Others 
find the purpose of quarterly statements 
—the financial condition of the company 
—is as well served by making them at 
the end of 3, 3, 3 and 4 month periods. 
Incidentally the New York Stock Ex¬ 
change accepts such statements from 
companies using the 13-period division. 

The Indivisibility of 31 Days 

The objection to a year of 13 months 
as not being divisible into quarters is 
largely psychological. It comes from 
the habit of thinking of the calendar as 
constructed of months without consider¬ 
ation of the fact that the calendar also 
contains days and weeks which enter 
into the composition of these months 
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and of the year. Consciously or uncon¬ 
sciously the equalized quarters advo¬ 
cates fit their arguments into this psy¬ 
chology. When they object that a 13 
months year is not divisible by four, 
they ignore the fact that 31 and 30-day 
months are also not divisible by four. 
They stress the fact that you can quar¬ 
ter their year and forget the fact that 
you can not quarter their months. 

Now in calendar reform, the fact has 
to be recognized that it is mathemati¬ 
cally impossible to have a calendar in 
which, while preserving the seven-day 
week, the year may be quartered into 
months and the months quartered into 
weeks. You can not have both together. 
A choice must be made between them. 
At the risk of laboring the point, I re¬ 
peat that the most used divisions of the 
calendar are the month and the week, 
from which it follows that the benefits 
that would be derived from being able 
to quarter the months into weeks would 
overwhelmingly exceed those that would 
come from a slightly more accurate 
quartering of the years into months. 

The difference between any of the 90, 
91, 92 and 92-day quarters of the pres¬ 
ent calendar and the 91-day quarters of 
the equalized quarters plan is scarcely 
more than 1 per cent. But 31 and 30- 
day months can not be quartered into 
weeks without leaving a remainder of 
42 and 28 per cent, of a week respec¬ 
tively. 

For the Future or the Past! 

The criticism is also made that from 
the statistical standpoint comparisons 
of the 28-day months of the 13 months 
calendar with the months of the past 
would be of little value without labori¬ 
ous and costly recomputation, and that 
in many cases it would be impossible to 
convert records of the past into records 
with which records under the new cal¬ 
endar could be compared. Particularly 
during the next few years, it is argued, 
it is essential that economists and busi¬ 


ness men have all the aid possible from 
past business records. 

To quote one critic: “A radical 
change of the calendar [that of 28-day 
months] would seriously reduce the 
usefulness of those records and thus 
hamper the adjustment of business to 
world needs at a critical time in the ad¬ 
vance of civilization.” This, it is con¬ 
tended, would not be the case under the 
12 months plan, because 4 ‘comparisons 
for any month in the new 12 months 
plan, with those of corresponding 
months under the present calendar 
would not be seriously interfered with. 
Direct comparison of unreduced 
monthly figures for corresponding 
months would in many cases be satisfac¬ 
torily accurate, and after a lapse of a 
few years, so that comparisons were en¬ 
tirely within the new calendar, they 
would be entirely accurate.” 

Before coming to the points of this 
criticism, let it be said that as an argu¬ 
ment against the adoption of the 28-day 
months of the 13 months calendar, they 
would have a certain amount of merit 
were the change to be made without 
preparation for it, but as an argument 
for the adoption of the 31 and 30-day 
months of the 12 months plan, they 
provoke a smile from the 13 months cal¬ 
endar advocates. 

We are here told in effect that the re¬ 
semblance between the months of the 
new calendar and the old would be so 
close that the change would make little 
difference; accurate comparisons be¬ 
tween corresponding months would be 
gained without a serious break in the 
continuity of statistics. Very good, but 
why change any of the months and up¬ 
set dates when as previously pointed out 
the desired accuracy can be secured 
simply by leaving the months as they 
are and inserting “Year Day” and 
“Leap Day” to make the calendar per¬ 
petual. There would thus be even less 
interference with past comparisons, and 
all the advantage claimed in this respect 
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for the 12 months plan would be secured. 
Why give February 30 days, when its 
present 28 days will do just as well for 
year by year comparisons in the future 
and much better for the past? Clearly, 
from the standpoint of the criticism in 
question, the calendrical structure which 
its authors present for avoiding a sup¬ 
posedly serious break with the past is 
adorned with superfluous embellish¬ 
ment. 

The Firm Foundation 

But let us see if the break in the con¬ 
tinuity of statistics which would be 
caused by the adoption of 28-day 
months would be as serious as alleged. 
In the first place, the present depres¬ 
sion, and prior to that the war, have 
shown that long time economic statistics 
are of no great comparative value. 
There is a sad humor about this. Too 
many underlying conditions have 
changed, too many bases upon which the 
statistics were built have risen or fallen 
to different levels to give long ago busi¬ 
ness records any important practical 
face value in comparing them with the 
present, unless accurate allowances can 
be made. In any case—and this is the 
point that does not seem to be perceived 
—long ago statistics are rarely compared 
by months, they are compared by years . 
Who compares the price index, sales 
record, manufacturing output or profit 
and loss account of December, 1932, 
with the same for December, 1922, or 
December, 1912, unless it be for curios¬ 
ity. The view as far back as that is to 
the years, not the months. It does not 
seem to be realized that the use and im¬ 
portance of monthly comparisons lie 
almost wholly in their disclosure of the 
changes and trends from one year to the 
next and within the current year . It is 
chiefly from these data of the immediate 
past that business makes its decisions 
for the immediate future. 

Five years is certainly the extreme 
limit of use for individual monthly com¬ 


parisons in the business world, and to 
say that the value of long time statis¬ 
tics, needed only for cycles and trends 
over a series of years, would be seriously 
reduced unless recomputed in terms of 
28-day months can not be admitted as 
true. 

We have left then to consider only the 
relatively short period immediately 
prior to the date for the revised calen¬ 
dar to go into effect. Is it to be sup¬ 
posed that our economic life would make 
no preparation for the change ? Should 
an international agreement be reached 
in 1935 to put the 13 months calendar 
into effect in 1939, is it to be supposed 
that business would do nothing in the 
meantime to adjust its statistical data to 
the new months ? Naturally it would do 
so, and in different cases it would do dif¬ 
ferently according to the requirements. 
Undoubtedly in most cases the change 
would be anticipated by adopting the 
13-period division of the year for statis¬ 
tical purposes as soon as possible, as has 
already been done by hundreds of busi¬ 
nesses in this country and abroad. In 
some cases undoubtedly two sets of rec¬ 
ords would be kept, one on the present 
calendar and one on the new, for one, 
two or three years prior to 1939. (In 
the age of bookkeeping machines this is 
not so laborious as may be supposed.) 
In others it would be found more desir¬ 
able to “start from scratch” as did 
many businesses now using the 13- 
period division, when they made the 
change and put up with the temporary 
inadequacy of their comparisons for the 
sake of permanent advantage. 

Thus it is seen that the break in the 
continuity of statistics would by no 
means have the serious effect upon their 
utility that is imagined. 

And when calendar reform is tied up 
with present economic conditions as. in¬ 
deed it is by those who advocate early 
adoption of the 13 months plan as a 
means of closer scrutiny of business costs 
and the direction of trends, it is easy to 
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see that the short time monthly compari¬ 
sons have by far their most important 
value as between and within the years 
of the immediate future, rather than 
between those years and the years either 
of the immediate or distant past. This 
service for the future, as has been 
shown, the 12 months plan is only partly 
able to perform and solely by reason of 
the fact that it is a perpetual calendar. 

The Real Question 

In sum, reduced to its practical as¬ 
pect, the 12 months advocates in argu¬ 
ing that their plan will make little 
difference, not only confess a lack of ac¬ 
complishment, but more naively than 
this, they demand for their plan altera¬ 
tions in the length of five of the months 
that do cause some difference and then 
say that since the difference will not be 
as serious as under the 13 months plan, 
let us make these lesser changes, not¬ 
withstanding that for the purpose of 
comparing corresponding months they 
are unnecessary. 

The only valid reason for disturbing 
five months is to equalize the already 
nearly equal quarters; but that can be 
done by disturbing only two months, 
and when it is done in either way what 
benefit do we get? Only the small 
benefit that can come from the correc¬ 
tion of a slight irregularity. 

Clearly no alterations in the months 
are worth while unless they are thereby 
made equal. The real question , there¬ 
fore, is the expense and inconvenience 
involved in the adjustment. To at¬ 
tempt to estimate this would be futile, 
but the fact that several hundred busi¬ 
nesses have already, made the change 
can not be ignored. Nor can the fact be 
ignored that hundreds of others are on 
record as saying they are ready to make 
the change at once, if business in gen¬ 


eral will do likewise. If the cost were 
thought to be great, naturally the 
change would not be considered worth 
while. 

Social Convenience 

From the standpoint of the everyday 
use of the 12 months plan for dating 
events and calculating days and weeks 
between dates, its perpetual feature does 
indeed fix week-days to perpetual dates 
as between corresponding months from 
year to year; but within the year, for 
which the calendar is mostly used, the 
improvement over the present calendar 
is slight. From month to month the 
week-days change to different dates re¬ 
quiring efforts of memory and calcula¬ 
tion little less than at present. Printed 
calendars would still have to be con¬ 
sulted except by the few with good 
enough memories to remember the recur¬ 
ring differences among three kinds of 
months. And without the perpetual 
feature the 12 months plan would be no 
improvement whatever as a dating and 
time-calculating instrument. 

In contrast, the 13 equal months plan 
fixes week-days to the same dates not 
only as between the same months from 
year to year but also within the year. 
Memorizing the dates of one month 
would suffice for all and the calculation 
of weeks and days between dates would 
be simple. And without the perpetual 
feature, it would still be a considerable 
improvement over the present calendar; 
because in any current year the week¬ 
days would fall on the same dates of each 
month and there would be no fractions 
of weeks to confuse the calculations. 

Clearly, if we are to stop in calendar 
reform with the mere equalization of the 
quarters, the job will have to be done 
over again some time in the future. 
Why take two bites at a cherry? 
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The high cost of medical care has long 
been a matter of deep concern. Es¬ 
pecially is this true since the mass of 
people have been educated to what 
might well be termed “ health conscious¬ 
ness.” The great strides of preventive 
and curative medicine have paralleled 
this “health consciousness , 9 ’ and to-day 
medical care is deemed as essential for 
one class as it is for another. Provision 
for medical care is a matter which faces 
every family, and assumes most serious 
proportions for the majority of families 
belonging to the great middle class. It 
is the purpose of this article to inquire 
into the movement of medical costs, to 
determine whether medical costs tend to 
increase or to decrease during a period 
when the prices of commodities, wages 
and salaries in general are subjected to 
severe deflation, as has occurred during 
the past few years and, conversely, what 
is the trend of medical costs in times of 
a rising general price level, and particu¬ 
larly in an era of active inflation. 

Physicians ’ Pees 

As a rule, specific economic goods and 
services tend to rise or fall in price in 
accord with the general price level, as¬ 
suming that there have been no signifi¬ 
cant changes in the demand for and the 
supply of such services or goods. There 
are, however, certain types of goods and 
services whose prices are not readily re¬ 
sponsive to general economic price move¬ 
ments. In this category are those goods 
or services which command specific 
prices fixed by law or by some legal body 
vested with such power. Bates charged 
by railroads, telephone companies and 
other public utilities are of this sort. 
These are—often belatedly, it is true— 
usually adjusted by the rate-making 


body in course of time to the prevailing 
general price level. Likewise in this 
category of relatively inflexible prices 
are those that pertain to certain goods or 
services for which a customary price is 
paid. Customary prices are not fixed by 
government or other deliberate author¬ 
ity ; they are the result of long-continued 
custom and are modified only with great 
difficulty. Under this classification the 
fees of the general medical practitioner 
must be placed. 

The prevalent general practitioners’ 
fees in urban communities throughout 
the United States are $3 per home call 
and $2 per office visit. These fees have 
been customary in such communities for 
years, certainly for more than a decade. 
If it is assumed that the customary fees 
were well adjusted so as to afford the 
average client with medical service at 
such a price as he could afford, and were 
adequate enough to provide the average 
physician with a modest standard of liv¬ 
ing, it is at once apparent that the main¬ 
tenance of the same rates to-day repre¬ 
sents a price for the same grade of ser¬ 
vice far in advance of that charged 
from, say, 1920 to 1929. Since the lat¬ 
ter date the price levels of commodities, 
wages and salaries have declined consid¬ 
erably, as we all know. A family doctor 
bill of $100 for the year 1928 repre¬ 
sented 5 per cent, of a given workman’s 
yearly income of $2,000. To-day, if the 
workman is fortunate enough to have his 
job, it is not unlikely that his yearly in¬ 
come is in the neighborhood of $1,500, 
which would represent a typical 25 per 
cent, reduction. On the present income 
basis a family doctor bill of $100, repre¬ 
senting exactly the same amount of ser¬ 
vice as for the year 1928, is equivalent 
to 6§ per cent, of his reduced' income. 
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Measured in terms of wholesale prices 
for commodities, the medical dollar of 
the present purchases the same amount 
of care as it did in 1926, but if employed 
in the purchase of commodities the pur¬ 
chasing power of the dollar of 1926 is 
equivalent to $1,639 as of January, 1933, 
and $1,538 as of June, 1933. As an in¬ 
dication of the actual decline in the 
spending power of wage-earners, it 
might be added that in January, 1933, 
earnings in manufacturing industries 
were only 35.8 per cent, of the 1926 
level, while employment was only 56.6 
per cent, of the 1926 level. 1 As of June, 
1933, the figures were 43.1 and 62.8 per 
cent., respectively. 2 However, it was 
commonly felt in 1926 that medical costs 
were at that time so high as to be beyond 
the means of the average workman. If 
any truth is to be accorded to this as¬ 
sumption, it must be conceded that 
physicians' fees, remaining nominally 
the same as five years ago, have in real¬ 
ity reached a level much higher and 
further beyond the reach of the average 
working man than was the case five years 
ago. 

What has been said with reference to 
the fees of the general practitioner ap¬ 
plies with even greater force to the much 
higher fees of the specialist. There is' 
this difference, however. Specialists' 
fees have never been nearly so uniform 
as fees for ordinary medical service; 
they have been adjusted up and down at 
all times to fit the ability of different 
clients or of different classes of clients to 
pay, and in time of depression it is 
much easier to scale such flexible rates 
down to any level desired by the special¬ 
ist. Since such rates are, to a large ex¬ 
tent, personal, readjustments may be 
made at any time without setting a 
precedent. On the other hand, the cus¬ 
tomary nominal rates of the general 
practitioner can not be juggled so read- 

* Monthly Labor Review, March, 1933, Vol. 
36, No. 3, pp. 659, 699. 

* Ibid., August, 1933, Vol. 37, No. 2, p. 411. 


ily. A downward revision, say from $3 
to $2 for home calls and from $2 to $1 for 
office calls, would tend to establish a new 
customary price for such services in the 
community. There would be no public 
opposition to a downward revision; in 
fact, it would be received with public 
commendation. But once this lower cus¬ 
tomary rate had been established, it 
would be doubly hard to institute an in¬ 
crease in rates when the general price 
level advanced. Any upward revision 
of a customary price is bound to elicit 
an undue amount of public antagonism, 
and cause the beneficiaries to be classified 
by the populace as racketeers or prof¬ 
iteers, to say the least. 

The fact that the family doctor bill 
for an equivalent amount of service rep¬ 
resents a much larger proportion of the 
average man's income to-day than it did 
a few years ago may seem to lead to the 
conclusion that the medical profession is 
profiting enormously as a result of cus¬ 
tomary fees. But such is not the case. 
There is no professional group from 
which the public seems to expect so 
much as the general practitioner. In 
hard times he is expected to be very leni¬ 
ent in the collection of his bills, and 
naturally he can not be otherwise when 
his clients are drawn from the poorer 
and the middle classes, and are suffering 
from greatly reduced income, either 
from wage reductions or unemployment, 
or both. Under such circumstances the 
average physician finds himself treating 
many patients who have no means what¬ 
soever, and little likelihood of early em¬ 
ployment. In this group many will 
prove outright charity patients, others 
will resolve to pay when they have the 
means, and of these some are prone to 
forget their obligation as it grows older. 
The ratio of bad debts has shown a phe¬ 
nomenal increase, especially during the 
past two or three years. In many urban 
sections the increase in the proportion of 
bad debts over that existing prior to the 
depression amounts to from 200 to 250 
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per cent. Many doctors have employed 
an instalment system of collecting their 
bills, although this method has not 
proved particularly successful at a time 
when unemployment is so wide-spread. 

We thus see that even with the main¬ 
tenance of a nominal fee and perform¬ 
ance of the same amount of service as in 
better years, the increase in charity 
work and in uncollectible bills so re¬ 
duces the average physician’s nominal 
income that, in spite of the increase in 
purchasing power of the dollar, his total 
purchasing power is considerably cur¬ 
tailed. Moreover, there is little likeli¬ 
hood that the average doctor can main¬ 
tain the normal amount of practise and 
the same ratio of home visits to office 
calls to which he was accustomed before 
the depression period. This is because 
of the necessity on the part of the ma¬ 
jority of people at such a time to curb 
all unusual expenses, in which class they 
are wont to place medical expenses. 
Hence there is increasing reluctance to 
call a doctor to the home except in cases 
of extreme illness, and where possible 
office calls are substituted for home calls. 
Furthermore, a growing proportion of 
the public has sought to reduce medical 
costs by attendance at pay clinics, while 
others, utterly unable to pay for any 
medical service, have resorted to free 
dispensaries-and clinics. 

The reduction in the number of 
patients has had the effect of increasing 
competition within the ranks of medical 
men, and this in turn has resulted in 
some places in practises which under 
ordinary circumstances would be re¬ 
garded as unethical. Thus there has 
grown up a certain amount of price 
cutting, especially by younger doctors 
who have not yet secured a foothold in 
their profession and are faced with eco¬ 
nomic insecurity to a disconcerting de¬ 
gree. Formerly price cutting, where it 
existed, was done on the sly, whereas 
to-day it is done quite openly, such doc¬ 
tors advertising the fact that their ser¬ 


vices are available at clinic rates. Cer¬ 
tain clearly unethical practises, which in 
the parlance of the day might well be 
called “rackets,” have made an appear¬ 
ance or have become more pronounced 
under the exigency of hard times. In 
this category might be placed the keen 
competition for insurance examinations 
with the hope of inducing the prospec¬ 
tive policy-holder to undergo medical 
treatment not absolutely necessary. 
Quite often the patient is directed to a 
cooperating “specialist,” who later 
shares his fees with the doctor from 
whom the patient was originally sent. 
He in turn may also play the role of 
“specialist” and receive patients from 
other doctors under similar arrange¬ 
ments. Compensation cases arising 
from industrial accidents have in many 
instances been subject to abuse by re¬ 
quiring the worker to report long after 
his injury has healed. This is because 
a certain sum is allowed for each visit 
of the injured, and stretching the work 
out as long as possible means added fees. 

Dentists’ Fees 

The situation with reference to den¬ 
tists’ fees is a counterpart of that relat¬ 
ing to physicians’ fees. However, ad¬ 
vertising and price cutting entered this 
field at an earlier date than in the case 
of medicine, and has furnished more 
direct and open competition than has yet 
appeared in the general medical field. 
Advertising has become so common in 
many communities that the old attitude 
of skepticism and distrust of such den¬ 
tists has largely given way. This has 
resulted in a closer relationship between 
dental fees and the general price level in 
such communities than exists elsewhere 
where efforts to maintain customary 
rates have been successful. 

Hospital Costs 

To pursue further our inquiry as to 
the relation between medical costs and 
industrial depression, let us next glance 
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at hospital costs. Here again appears 
the customary price. In the vast major¬ 
ity of hospitals certain fixed rates for the 
various classes of service are determined 
upon, usually in accord with the pub¬ 
lished rates of other institutions prevail¬ 
ing at the time. Once established, these 
rates tend to become customary; if es¬ 
tablished during a period of high prices, 
they are apt to be in conformity to a 
relatively high price level, and if 
adopted in a period of low prices the 
opposite tendency appears. Thus it is 
not unusual to find noticeable discrepan¬ 
cies in rates nominally asked for a given 
grade of hospital service by different in¬ 
stitutions. Inasmuch as a phenomenal 
growth of hospital facilities occurred 
during the decade just passed, it is not 
surprising that hospital rates for the 
newer, remodeled or rebuilt institutions 
tend to reflect the relatively high price 
levels then prevailing. Moreover, dur¬ 
ing the period of prosperity the public 
demand was increasingly in the direc¬ 
tion of more exclusive, and therefore 
more expensive, hospital accommoda¬ 
tions, which naturally resulted in at¬ 
tempts to supply such a demand. 
Furthermore, the growing competition 
of proprietary hospitals in urban com¬ 
munities no doubt encouraged many pri¬ 
vate non-profit-making hospitals to add 
to their more expensive accommodations. 

In general, the nominal hospital rates 
which prevailed in 1928 remain prac¬ 
tically unchanged. As in the case of 
physicians’ fees, hospital costs for a 
given grade and amount of service take 
a much larger proportion of a man’s in¬ 
come to-day than they did in 1928. To 
those of the great middle class particu¬ 
larly, who have employment and some 
savings left, hospital costs have rela¬ 
tively increased when consideration is 
given to lower wages, salaries and to a 
lower commodity price level. 

For a great proportion of the people 
still above the charity or relief level the 
effects of the current depression have 
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been so devastating that when hospitali¬ 
zation is needed, cheaper accommoda¬ 
tions are now sought. As a consequence 
the demand for ward, semi-ward and 
semi-private room service has increased, 
while the competition of proprietary hos¬ 
pitals for the patronage of those who can 
still afford to pay for higher priced ser¬ 
vices, particularly private rooms, re¬ 
mains unabated. This situation has re¬ 
sulted in overtaxing the more moderate 
priced services, and in many instances 
in substituting higher priced accommo¬ 
dations which are no longer in great de¬ 
mand for the cheaper accommodations 
and at the lower price. This is, of 
course, equivalent to a reduction in price 
for the better accommodations for those 
who are the beneficiaries of such a sub¬ 
stitution. 

The extent of unemployment has in¬ 
creased by a wide margin the number of 
those who, in need of hospitalization, are 
unable to pay anything for the service. 
In metropolitan centers where municipal 
hospitals are available the demands upon 
this type of institution have increased 
greatly, frequently taxing such hospitals 
beyond their capacity. Likewise the pri¬ 
vate hospitals which accept charity pa¬ 
tients have experienced a cumulative in¬ 
crease in the number of such cases. A 
sizable proportion of the charity patients 
of the present time is drawn from the 
self-supporting working classes, who, 
during normal times, would revolt at the 
mere thought of free or even subsidized 
medical and hospital care. 

One of the outstanding consequences 
of the current depression is the growing 
conviction that existing or new hospitals 
should endeavor to provide hospital ser¬ 
vices for patients of moderate means at 
such a cost as they can bear.* In New 
York as well as other Cities many hos¬ 
pitals are deliberately breaking down 

* For a full account of this movement see 
Niles Carpenter, * * Hospital Service for Patients 
of Moderate Means,’ 1 Publication No. 4, Com¬ 
mittee on the Costs of Medical Care. 

% 
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the former customary rates for hospital 
service and substituting therefor a flex¬ 
ible scale of rates. Thus charges are 
based on ability to pay. The incoming 
patient or his immediate relatives are in¬ 
terviewed by a member of the social 
service staff of the hospital who thereby 
obtains sufficient data on the patient’s 
economic status to recommend a fair 
charge for the individual case under con¬ 
sideration. This practise is applied not 
only to ward patients, but to those neces¬ 
sitating private or semi-private accom¬ 
modations. If this custom is more ex¬ 
tensively developed, and that seems to 
be the trend, many of our urban hos¬ 
pitals will have solved the problem of 
providing facilities for the great middle 
class, most of whose members, so abhor¬ 
ring the thought of hospitalization in the 
ward, desire private or semi-private fa¬ 
cilities, but do not have the means to 
pay for such. A practise of this sort 
would automatically cure some of the 
evils resulting from customary prices in 
times of high or low general price levels. 

Clinic Fees 

With reference to clinic fees little can 
be said for the simple reason that such 
charges are generally so small as to rep¬ 
resent no great burden upon the average 
patient either in periods of high or low 
price levels. Furthermore, it is a com¬ 
mon custom in many part-pay or free 
clinics, where a small fee is asked, to dis¬ 
pense with such payments in needy cases. 
Pay clinics, on the other hand, which 
charge the full cost of the service ren¬ 
dered plus a profit for the doctors par¬ 
ticipating are scarcely more apt to re¬ 
flect economic changes than customary 
doctors’ fees. It is conceivable, how¬ 
ever, that pay clinics representing the 
cooperative efforts of physicians in pro¬ 
viding medical services to their patients 
at lees cost to the physicians may like¬ 
wise be employed to reduce the cost to 
patients, and some attempt made to cor¬ 
relate clinic rates or fees to the prevail¬ 
ing level of prices. 


Nursing Costs 

Nursing is another field in which there 
has been a tendency toward customary 
or inflexible rates. This is seen espe¬ 
cially with respect to the trained* or 
“private duty” nurse. Efforts to main¬ 
tain “prosperity wages” for this group 
under existing conditions have resulted 
in much unemployment. To quote from 
the final report of the Committee on the 
Costs of Medical Care: “The private 
duty nurse practising individually occu¬ 
pies a position of increasing economic in¬ 
security. So rapid has been the growth 
in the number of nurses that there are 
far more private duty and institutional 
nurses than can be employed under pres¬ 
ent circumstances. Yet the needs of the 
people, if fully supplied, would call for 
all the nurses. The situation is an ex¬ 
cellent illustration of the distinction be¬ 
tween need and demand. The barrier 
is primarily, although not exclusively, 
an economic one.” 

Other Medical Costs 

Many other medical costs illustrate the 
same inflexible price tendencies which 
we have already noted. For instance, 
the price of prescriptions remains about 
the same year in and year out, showing 
little apparent relation to manufactur¬ 
ing or wholesale costs of dr.ug» entering 
therein. It would seem that when the 
general price level is low the pharmacist 
values his services more highly, and 
when the general price level is higher he 
regards his personal service as of lesser 
value. It might be said that what the 
pharmacist loses in purchasing power 
through selling prescriptions at a stable 
price, relatively low in times of prosper¬ 
ity, is made up by that same stable price, 
relatively high in times of depression. 
Nevertheless, this practise presents just 
one more instance of a medical cost re¬ 
maining out of line with respect to gen¬ 
eral prices, thereby making it more diffi¬ 
cult for the consumer to purchase neces¬ 
sary medical attention in times of fall¬ 
ing pricea Moreover, the pharmacist in- 
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variably sells for cash, whereas doctors, 
nurses and hospitals never collect the 
full nominal sum for their services be¬ 
cause of bad debts and charity work. 

The retail prices of ‘ 1 patent’' medi¬ 
cines and nostrums, on the other hand, 
are more apt to reflect general price 
changes than are prescriptions. This is 
especially true since the advent of the 
chain drug store, the department store 
and the mail order house. Widely ad¬ 
vertised proprietary medicines afford an 
excellent drawing card when deeply cut 
prices are advertised, and this, no doubt, 
encourages a certain amount of self- 
medication, a practise which is scarcely 
to be approved. In this field alone, then, 
do certain medical costs seem to follow 
the general trend of prices. 

Conclusions 

In no field of modern business nor in 
any of the professions is there to be 
found the relative fixity of charges which 
persists in medical and allied health 
work. In industry wages, salaries and 
commodities are extremely sensitive to 
fluctuations in the supply of or de¬ 
mand for labor or goods. Prices of 
individual commodities or services, bar¬ 
ring unusual changes in the particular 
supply or demand, tend to conform 
to the rise or fall of the general price 
level. A striking exception, however, 
is found in the various branches of 
medical and health work. Here cus¬ 
tomary fees or charges, once adopted, 
show tremendous resistance to change. 
This phenomenon has a decided influ¬ 
ence upon the ability of the poorer, and 
even the middle economic groups of our 
population, to purchase necessary med¬ 
ical attention. In periods of depression 
medical care becomes relatively more ex¬ 
pensive, although remaining absolutely 
the same in dollars and cents. The con¬ 
sequences are deferment of medical care 
if the individual's health is not in a pre¬ 
carious state, resort to cheaper health 
agencies, such as office calls at the physi¬ 


cian’s office instead of home calls, a shift 
in demand from more expensive and ex¬ 
clusive hospital accommodations to those 
of a less costly grade, and greater use of 
part-pay and free clinics. Frequently 
the patient of limited means seeks quick 
and cheap relief by the use of patent 
medicines or other nostrums, and also at 
the hands of quack doctors who do not 
hesitate to advertise their low rates and 
cure-all methods, while in more prosper¬ 
ous times little thought would have been 
given to these questionable agencies. 

No gains are experienced by the med¬ 
ical profession, hospitals or other legiti¬ 
mate health agencies through the strict 
maintenance of customary fees or 
charges. Considerable practise is lost to 
the ordinary practitioner, price-cutting 
tends to make its appearance here and 
there, and fee-splitting and other un¬ 
ethical practises become more or less 
generaL Much work is performed by 
the general practitioner for which imme¬ 
diate or early payment is impossible. 
Customary fees in a time of depression 
cause the doctor's bill to appear over¬ 
whelming and unreasonable, and as a 
consequence many of such bills become 
uncollectible since the outraged debtors 
refuse to make any efforts at payment. 
Moreover, the amount of free work is 
greatly increased. Hospitals, as well as 
other health agencies, find themselves in 
a similar plight. 

Medical and health agencies and indi¬ 
viduals engaged in such work are power¬ 
less to overcome the wide fluctuations of 
the business cycle. The causes are, of 
course, industrial in nature, and the 
more important adjustments must be 
made in that field through stabilization 
of the price level, banking reform, in¬ 
dustrial planning and the like. But 
within the medical field an abandonment 
of customary fees and charges would 
seem to be an apt adjustment. The con¬ 
suming public, especially the self-sup¬ 
porting working class groups, would be 
enabled to purchase medical care at a 
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cost within reach, and physicians, nurses, 
hospitals and other agencies would re¬ 
ceive more in a period of depression by 
charging lower nominal rates for services 
than they would through the mainte¬ 
nance of customary fees because of the 
very fact that at such a time they simply 
can not obtain the income the customary 
rates seem to demand. 

On the other hand, physicians, nurses, 
hospitals and clinics would benefit 
greatly without the incubus of custom¬ 
ary price in a period of prosperity. 
Then medical costs could be raised in 
keeping with the rise in the general 
price level. As a consequence the public 
would be in a position to expend a rela¬ 
tively stable proportion of its income for 
medicine, both curative and preventive. 
As a means of maintaining a certain de¬ 
gree of uniformity in physicians’ fees 
within an area, local medical societies 
could easily publish approved standard 
rates from time to time, say every three 
to six months, which would thereby keep 
medical costs in alignment with the pre¬ 
vailing general price level. A similar 
plan might also be worked out with ref¬ 
erence to dentists’ fees, and even the 
rates for nursing service might be made 
amenable to such a scheme. This sug¬ 
gested program would naturally require 
a certain amount of publicity, and as¬ 
surance that adjustments in rates, es¬ 
pecially increases, were not arbitrary for 
the purpose of fleecing the public, but 
were made in accord with a well-known 
price index as a means of making physi¬ 
cians’, dentists’ and other medical fees 
reasonable at all times. As for hospitals, 


a similar arrangement would seem quite 
feasible, assuming a desire to maintain a 
rate schedule for the various grades of 
service offered. The end in view, how¬ 
ever, is already being accomplished to 
some extent by the application of flex¬ 
ible rates in many institutions. 

It has recently been pointed out that 
socialized medicine by means of group 
practise and group payment will bring 
the cost of medical care down within the 
reach of the vast majority of people. 
There is no certainty that this will re¬ 
sult, for, in fact, if customary group 
fees, even though paid in a fixed sum 
monthly, quarterly or annually, become 
the rule, the same difficulties are bound 
to ensue as are now found in competitive 
medicine. Moreover, should medicine be 
so completely socialized as to become a 
state function physicians would find 
themselves on a fixed salary basis, prob¬ 
ably with little or no distinction between 
the good or the bad, the competent and 
the incompetent, and would be subject 
to all the vicissitudes of changing price 
levels without the slightest means of ad¬ 
justment. This difficulty would be felt 
most in times of prosperity accompanied 
by a rising price level. From the stand¬ 
point of the public, in the case of state 
medicine, the costs would be disguised 
in the form of taxes, and the entire bur¬ 
den would be shifted to certain groups 
of taxpayers, although many of the bene¬ 
ficiaries, not possessing taxable property 
or resources, and yet able to bear ordi¬ 
nary medical expenses, would be exempt 
from all costs. 
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I should like, if I may, to consider 
with you the effect of the change, par¬ 
ticularly noticeable since the world war, 
in the desires and ideals of the young 
people—their decisions as to what is 
worth while—upon the prospect for 
population growth in the United States. 
We are approaching the time when chil¬ 
dren will be bora, with few exceptions, 
to those parents only who want them. 
What does this mean in terms of na¬ 
tional development and destiny T 

For twelve years the number of births 
in the United States has been less each 
year than in the year preceding, with 
three exceptions. In 1933 nearly 700,000 
fewer children were bom than in 1921. 
In addition, the flow of immigrants from 
Europe has been stopped; indeed, each 
year during the last three years more 
people have left the United States than 
have entered it. Ten to twelve years ago 
the yearly increase of population in the 
nation was about 2,000,000. Now it is 
less than 1,000,000. In 1933 it was, ap¬ 
parently, a little less than 800,000. The 
enrolment in the lower grades of the 
schools has started downward and will 
soon decline rapidly. 

Moreover, there is no sign that the de¬ 
cline in the birth rate is slowing up. 
And already there are not enough chil¬ 
dren being bora to maintain the present 
population permanently. However, the 
population of the nation will continue to 
increase for at least five years, probably 
fifteen years, possibly twenty years, prin¬ 
cipally because of the large number of 


middle-aged people, the heritage of a 
higher birth rate and heavier immigra¬ 
tion in the past. As these middle-aged 
people grow old and die the death rate 
will rise, not because people are dying 
younger, but because there will be more 
and more old people to die. The census 
of 1930 showed that people over 65 years 
of age had increased 34 per cent, since 
1920 in the nation as a whole and 50 per 
cent, in the cities. The census of 1940 
will show a similar increase of old peo¬ 
ple, and by 1950 there will be nearly 
twice as many old people in the nation 
as in 1930. 

Slowly the number of deaths will in¬ 
crease, while the number of births seems 
likely to decrease for some time to come. 
Probably 10 to 20 years hence births and 
deaths will balance. This balance may 
last for a few years, resulting in a sta¬ 
tionary population. Afterward deaths 
will exceed births, unless the birth rate 
rises or the restrictions on immigration 
are relaxed. When this occurs the popu¬ 
lation of the nation will begin to decline. 
According to estimates of Thompson and 
Whelpton, of the Scripps Foundation 
for Research in Population Problems, at 
Miami University, Ohio, the population 
of the United States in 1940 will be 
about 132,000,000. By 1950 the popula¬ 
tion will have increased to 136,000,000. 
In 1960 the population will be about the 
same as in 1950, the peak having been 
reached between these years. By 1970, 
according to this estimate (which is only 
one of several these statisticians offer, 
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but the one I prefer) the population of 
the nation will have declined to about 
132,000,000, and by 1980 to 126,000,000, 
which is about the same population as at 
present. 

This estimate was made more than a 
year ago. The continued rapid decrease 
in births in 1933—more than 100,000 
fewer, apparently, than in 1932—suggest 
that the stationary population may be 
nearer than even this “low” estimate of 
Thompson and Whelpton indicated. If 
the increase in the nation’s population 
continues to diminish at the same rate as 
during the last ten years, the population 
of the nation will be stationary about 
1942. 

We have probably 15 years ahead of 
us before the peak of population is 
reached, and 30 years before the decline 
from this peak will have reached the 
present population level. There is time 
in which to develop a new attitude to¬ 
ward children and family responsibili¬ 
ties, and change our manner of living so 
that children will not cost so much to 
raise and educate as at present. Dr. 
Dublin, statistician of the Metropolitan 
Life Insurance Company, estimated 
prior to the depression that the average 
cost of raising a child to the age of 18 
in New York City was about $7,500, or 
fully $10,000, if 5 per cent, interest on 
the investment be allowed. Three chil¬ 
dren per mother, the number necessary 
to maintain population stationary, mean, 
therefore, an investment of $22,000 to 
$30,000. The average cost on the farms 
is probably only a third as large, and in 
the small towns and villages is interme¬ 
diate. The decline in the birth rate 
would, doubtless, be retarded if a larger 
proportion of the people lived in sub¬ 
urbs, small cities and villages, particu¬ 
larly if many engaged in part-time 
farming. 

According to the census of 1930, the 
number of children under 5 years of age 


in the large cities lacked about 20 per 
cent, of being sufficient to maintain a 
stationary population permanently, with¬ 
out migration from rural areas or immi¬ 
gration from foreign lands, while in the 
smaller cities there was about 6 per 
cent, deficit. On the other hand, in the 
village and suburban population there 
was a surplus of children of fully 30 
per cent, and in the farm population a 
surplus of 50 per cent, above the number 
necessary to maintain that population 
stationary. In 1930 urban deficit and 
rural surplus about balanced, according 
to Dr. Lotka, of the Metropolitan Life 
Insurance Company, but since 1930 the 
national birth rate has declined 12 per 
cent, further. The rural population is 
no longer able to maintain its own num¬ 
bers and provide enough young people 
for the cities, even if jobs could be found 
for them, to balance the urban deficit. 
The large cities particularly may well 
consider the handwriting on the wall. 
We may be on the verge of great shifts 
in the residence of the people. 

Fully as important, I believe, as an in¬ 
crease in the proportion of the popula¬ 
tion living in a rural environment is an 
increase in the number of parents who 
are willing to sacrifice for the sake of 
children and the preservation of the 
family line. In my opinion, the ac¬ 
celerated decline in the birth rate which 
followed the world war was owing not 
only to the high cost of living, particu¬ 
larly in the cities, but also to the disil¬ 
lusionment of many young people after 
the war and to changes in their 'desires 
and ideals. The craving for luxury, 
amusements and social position appar¬ 
ently became keener than before, and the 
striving for a higher standard of living 
became more wide-spread. In many, 
perhaps in most, cases this higher stand¬ 
ard of living could be achieved only by 
a rigid restriction on the size of the 
family; as a hard-working, married stu¬ 
dent in a university, who had two chil- 
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dren, remarked to me several years ago: 
“No more babies until we have an auto¬ 
mobile.” 

This rapid decline in the birth rate is 
as wide as the European sphere of civili¬ 
zation. A stationary population in 
Great Britain, France, Germany and the 
Scandinavian countries will be reached, 
it is now estimated, within ten years, 
and a few years later decline will set in. 
It appears that our modern urban eco¬ 
nomic system, with its associated social 
ideals, tends to reduce the birth rate be¬ 
low the level of population maintenance 
as universally as the former self-suffic¬ 
ing agricultural system tended to main¬ 
tain it above that level. In every state 
of the United States, without exception, 
the ratio of children under 5 years old 
to women of child-bearing age is smaller 
in the urban population than in the 
rural; and this is true also of every na¬ 
tion of Europe that collects birth sta¬ 
tistics, likewise of Canada, Australia, 


New Zealand and Japan. The social 
code, if such it may be called, which is 
characteristic of the people in the cities 
particularly, is unquestionably promot¬ 
ing depopulation. And it seems unlikely 
that this code will be changed in time to 
prevent a declining population in the 
United States and the nations of north¬ 
western Europe. 

After the decline sets in there may de¬ 
velop a movement of religious intensity 
directed toward the preservation of the 
family, the nation and the race. To be 
a parent of healthy children may afford 
as much social prestige as to be the 
owner of a high-priced automobile or of 
over-stuffed furniture. It is possible 
that this change in ideals and in esti¬ 
mates of things worth while may develop 
before the decline in population actually 
sets in. Let us hope so, for a declining 
population will have very serious eco¬ 
nomic, psychological and biological con¬ 
sequences. 


THE HYGIENE OF HAY-FEVER 

By Dr. HARRY S. BERNTON 

PROFESSOR OF HYGIENE, GEORGETOWN UNIVERSITY MEDICAL SCHOOL 


“Death, taxation and hay-fever are 
inescapable.” This is the cry of resig¬ 
nation of 2 per cent, of our population. 
Hay-fever was first described as a dis¬ 
ease entity by physicians of the old 
English school. The view that hay-fever 
is caused by the pollens of flowering 
plants has now met with universal ac¬ 
ceptance. However, the disease is one 
of greater concern to the American pub¬ 
lic. Approximately,70 per cent, of hay- 
fever victims in this country owe their 
distress to the pollens of the ragweeds. 
Curiously enough, the geographical dis¬ 
tribution of the ragweeds is restricted to 
the North American continent. The 
blooming period of these weeds extends 


from the middle of August until the ad¬ 
vent of frost. This period embraces the 
fall or autumnal variety of hay-fever, in 
contradistinction to the spring and sum¬ 
mer types of the disease. The spring 
type is due to the pollens of the trees, 
whereas the summer type is caused by 
the pollens of the grasses or of the 
plantains. 

Two months hence, the vast army of 
sufferers will begin to experience their 
“annual torment,” to use the phrase of 
an English physician, and sneezes will 
resound throughout the length and 
breadth of our land. Recurring popular 
appeals to exterminate the ragweeds ac¬ 
company the symptoms of distress. Ob- 
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viously, the attempt to annihilate any 
species of plant or animal life is at¬ 
tended with unsurmountable obstacles. 
It constitutes primarily a defiance of the 
laws of creation. 

Of all the diseases to which human 
flesh is heir, hay-fever enjoys an unusual 
distinction. It is regarded as the most 
serious of non-fatal maladies. Its symp¬ 
toms have been made the subject of jest. 
“Hay-fever” is even the title of a 
comedy-drama. Fits of sneezing, a copi¬ 
ous discharge from the nose and eyes, 
stuffiness of nose, intolerable itching of 
the lining membranes of the nose, eyes, 
mouth, throat and ear canals, and occa¬ 
sional attacks of asthma furnish evi¬ 
dence of the irritating qualities of the 
pollen grains upon the tissues of suscep¬ 
tible persons. These local manifestations 
are only too well recognized by the mem¬ 
bers of the family circle to which the 
victim belongs. In this instance, at 
least, familiarity breeds sympathy. 
Nevertheless, one of the most apparent 
complications of hay-fever is a defective 
heat-regulating mechanism. This condi¬ 
tion was tersely described by a patient 
when he bewailed the fact that his ther¬ 
mostat was out of order. The dis¬ 
turbance of the heat-regulating mecha¬ 
nism of the body is an integral part of 
the disease which has failed to receive 
the attention it merits. The authorita¬ 
tive works, which have enriched our 
literature of the past decade, fail to 
emphasize this important constitutional 
derangement. It occurs during, and in 
some cases extends beyond the seasonal 
upheaval. Now, there is a school of 
economists which attributes the present 
economic ills to the mechanized age. 
The coincidence is, indeed, a strange one, 
that this mechanized age has also con¬ 
spired to provoke and aggravate the dis¬ 
tress of hay-fever patients. 

The maintenance of the body tempera¬ 
ture and the conservation of body heat 


are two of the most vital functions of the 
human body. Their successful accom¬ 
plishment depends upon a delicately co¬ 
ordinated mechanism—such as the nerve 
fibers in the skin and in the walls of 
blood vessels which convey impulses to 
and from the spinal cord. These im¬ 
pulses are in turn conveyed from the 
spinal cord to the heat-regulating center 
in the brain which acts as the thermo¬ 
stat, so to speak. Under normal condi¬ 
tions, body temperature is maintained at 
a fairly constant level because heat pro¬ 
duction and heat loss are equal, and 
because any change in either process 
brings about a compensating change in 
the other. 

The term “hay-fever” is a paradox. 
It is a non-febrile disease. Nevertheless, 
hay-fever victims do feel hot and fever¬ 
ish. The skin is usually warm because 
of the dilatation of the blood vessels 
therein. More blood is brought to the 
surface from which heat is dissipated. 
This condition is not unlike that seen in 
alcoholic intoxication and explains the 
blush and the flush of inebriety. The 
dilatation of the blood vessels results 
from a disturbance or poisoning of the 
nerve fibers which control the caliber of 
blood vessels. Pollen disease with re¬ 
sulting poisoning from the absorption of 
the soluble pollen material is a more 
accurate designation than hay-fever. 

When cold air strikes the skin, there is 
an immediate loss of heat. The wanner 
body radiates its heat to the colder en¬ 
vironment. One of nature's inexorable 
laws is the conservation of body heat. 
This is effected by the contraction or 
shutting down of the blood vessels in the 
skin—a mechanism which is quite analo¬ 
gous to shutting off the heat from a 
radiator by closing the valve. A dimin¬ 
ished volume of blood now courses 
through the skin, whereas the excess of 
blood finds its way in part into the mu¬ 
cous membrane of the nose. Herein are 
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located the so-called turbinate tissues or 
u swell bodies, 0 which act very much 
like the ordinary sponge. Their volume 
varies with the volume of contained 
fluid. The engorgement of the turbinate 
bodies causes the familiar sniffing, and 
the consequent pressure upon the nerve 
endings in the nasal mucous membrane 
gives rise to sneezing. This is a com¬ 
mon experience. The congestion of the 
u swell bodies, 0 irrespective of cause, is 
indicated by sneezing, fulness of the 
nose and nasal discharge. These reac¬ 
tions of the nasal tissues are more 
marked in the case of hay-fever subjects 
due to impairment of nerve functions. 
Therefore, the effects and symptoms are 
more lasting than in the normal person. 

Let us now consider the innovations 
which tend to bring about a dissipation 
of body heat. The automobile ranks 
first in importance to the liay-fever 
patient. When horse-power furnished 
the sole means of transportation twelve 
to twenty miles per day of travel was a 
reasonable expectation. That same dis¬ 
tance can now be covered by motor car in 
one-lialf hour or less. With windshield 
up and windows down the automobilist 
is transported through space at a faster 
rate than ever before in the history of 
man. The faster the rate of travel, the 
faster does body heat radiate to the 
quick onrush of air. The passengers, 
attired in light summer garb, are denied 
the protection of adequate clothing 
against such a rapid loss. At journey’s 
end, the hay-fever victim finds that dis¬ 
ease and discomfort have displaced rela¬ 
tive ease and comfort. Moreover, a ride 
in the rumble-seat is anything but a joy¬ 
ride. The wet eyes and the wet nose tell 
their own story. 

In the new design for automobiles, the 
no-draft ventilation seemingly atones for 
the all-draft ventilation of the rumble 
seat. “Do not travel during the hay- 


fever season 0 is a slogan worthy of 
adoption by all victims of the disease. It 
is difficult to explain the reasons which 
prompt the hay-fever subject to plan 
automobile tours during the season of 
his greatest disability. If a tour of the 
country is to form part of a recreational 
program, it should be arranged for those 
months when the hay-fever victim is free 
from symptoms. Then and only then 
will a vacation prove symptomless. 

Engorgement of the nasal tissues, with 
the train of symptoms previously de¬ 
scribed, likewise results when the air is 
agitated around and about the individ¬ 
ual in a quiescent state. The electric 
fan, another contribution of the mecha¬ 
nistic age, may similarly produce the 
dire effects in rotation. It is particu¬ 
larly noteworthy that the rate of air¬ 
speed in the case of the more powerful 
electric fans varies from 6.8 to 19.3 miles 
per hour. The reports of hay-fever sub¬ 
jects who are unwillingly and unwit¬ 
tingly exposed to the direct currents of 
air of electric fans indicate that their 
symptoms are either provoked or inten¬ 
sified. The reasons are only too obvious. 
Under normal conditions a person who 
anticipates exposure to gusts of air, with 
a velocity of nineteen miles per hour, 
will protect himself with a light outer 
garment. In the office and shop, during 
the season when fans are in active opera¬ 
tion, a minimal amount of clothing con¬ 
sistent with modesty affords no barrier 
to the rapid loss of body heat. 

Some thoughtless persons engage in a 
practise which is especially fraught with 
danger. They permit an electric fan to 
blow directly upon them while asleep. 
It will be recalled that hay-fever pa¬ 
tients, because of their unstable heat¬ 
regulating mechanism, tend to lose body 
heat. Moreover, during sleep, even in 
the normal individual, the temperature 
falls because of bodily inactivity. The 
vessels of the skin are usually dilated, 
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owing to the diminished control exer¬ 
cised by the dormant nerve centers. 
When, in addition, the electric fan in¬ 
cites a still greater dissipation of body 
heat, the awakening is indeed sad. In 
the early morning hours the hay-fever 
subject is likely to be aroused out of his 
sleep by vigorous blasts of his own crea¬ 
tion. Mothers and nurses will do well to 
heed this warning. The direct exposure 
of sleeping babies and children to the 
currents of air of electric fans is an act 
which can not be condoned by any hu¬ 
mane consideration. 

The movie industry has, also, moved 
many a hay-fever victim to tears and 
sniffles. This industry has pioneered in 
making indoor amusements attractive to 
the populace during the hot weather sea¬ 
son. To accomplish this purpose, the 
artificial cooling of theaters has become 
an important adjunct. The patron of 
the arts, warm of body and with under¬ 
garments saturated with perspiration, 
enters the air-cooled auditorium. Even¬ 
tually he is seated in the huge refrigera¬ 
tor. He is in cold-storage for at least 
two hours. His reaction to the new en¬ 
vironment is determined by the differ¬ 
ence between the indoor and outdoor 
temperatures. A difference of ten to 
twelve degrees may serve to add comfort 
to the enjoyment of the show. However, 
the differences are usually greater. The 
subjection of the human body, especially 
when thinly dad, to such a sudden fall 
of external temperature causes a rapid 
dissipation of body heat. The normal 
individual readily accommodates him¬ 
self to the changed conditions. His heat¬ 


regulating mechanism functions ade¬ 
quately. The hay-fever patient soon 
experiences the stuffiness of nose and 
paroxysms of sneezing. The inevitable 
result of an evening intended for 
pleasure is the intensification of symp¬ 
toms for twenty-four hours or even 
longer. 

The extension of the use of air-cooling 
devices on trains and in office buildings 
is fraught with similar peril for the hay- 
fever victim. To compensate in part for 
the loss of body heat, it follows that one 
should bestir himself into some form of 
muscular activity. This obviously is im¬ 
possible in the air-cooled train or 
theater. The hay-fever subject restrains 
every motion excepting the commotion 
of pent-up sneezes. 

Dress, dictated by fashion, has now 
approached the vanishing point. “Back 
to Nature” may be fitting for members 
of the Nudist cult, but it is distinctly 
unsafe for young hay-fever victims. 
The physiological purpose of clothing is 
to conserve body heat. Young children, 
attired in the conventional sun-suit, ex¬ 
pose a vast expanse of body surface to 
the fluctuations of the external tempera¬ 
ture. In case of children who are hay- 
fever or asthmatic victims, the loss of 
body heat is attended by a flare-up of 
their distress. 

The American people displays its 
national temperament in its policy of 
keeping cool in the hour of trial. The 
hay-fever victim, however, should, in the 
interest of comfort, harken to the dictate 
of hygiene: “Keep warm inside and out¬ 
side.” 


THE MYSTERY OF THE OCEAN 

By Dr. PAUL S. GALTSOFF 

U. S. BUREAU OF FISHERIES 

Since the earliest days of our civiliza- imagination. To the inquiring mind of 
tion the great blue expanse of the ocean a man of the ancient days the circular 
has had a mysterious appeal to our disk of his small inhabitable world 
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seemed to be surrounded by a mighty 
stream of water which, he believed, was 
the abode of many fearsome monsters, 
strange human-like creatures and freaks. 
This conception, originated by the Chal¬ 
deans and Egyptians, was handed down 
from generation to generation. It was 
generally accepted in the time of Homer 
by Greek geographers who called the 
ever-running river the Oceanus, the 
name of a primeval god. 

The beginning of the science of ocean¬ 
ography dates back to the year 1522, 
when one of the vessels of Ferdinand 
Magellan returned to Spain after hav¬ 
ing for a first time circumnavigated the 
globe. In 1768 Captain J. Cook, sailing 
in the Endeavor, started on the scientific 
expedition during which he made the 
first deep-sea soundings, observed the 
temperature of the water and collected 
numerous astronomical and biological 
data. From this time onward hundreds 
of expeditions organized by every civil¬ 
ized country have explored the ocean. 

Most ingenious instruments and im¬ 
plements were invented for catching 
various organisms of the sea, ranging in 
size from the smallest microbe of less 
than one thousandth of an inch to the 
largest living mammals, like the blue 
whale, which reaches the immense length 
of 85 feet or more and weighs over 300 
tons. Fantastic tales about the life in 
the ocean were gradually replaced by 
accurate knowledge. Sea monsters and 
other creatures collected by the expedi¬ 
tions were meticulously examined by 
scientists and were described and classi¬ 
fied. They were carefully preserved in 
alcohol and placed on shelves and in 
cases in our great museums. 

It is true that with the advance of 
scientific knowledge the romance and ad¬ 
venture of the old days associated with 
the great oceanic expeditions have been 
lost, yet life in the ocean still remains 
veiled in mystery, and the biologist of 
to-day, starting on a new exploration, 


may be as much thrilled as were the 
pioneers of science who sailed with 
Magellan and Cook. His principal aims, 
however, are different. He is more in¬ 
terested at present in determining the 
laws that control life in the ocean and 
in unraveling the intricate relationships 
which exist between the denizens of the 
sea and their environment, rather than 
in finding and describing new forms of 
life. 

Perhaps the greatest secret of the ocean 
lies in its very essence, the sea water. 
The layman may be amazed to learn that 
such a common thing as sea water may 
still be .an object of scientific research. 
Yet our present knowledge of the com¬ 
position of the sea water is very incom¬ 
plete. Earlier analyses established that 
sea water contains about 3$ per cent, of 
salts, of which over three fourths consist 
of common cooking salt or sodium 
chloride, the remainder being made up 
of small quantities of Epsom salt, gyp¬ 
sum, calcium and others. 

Modern analyses reveal its much 
greater complexity. Out of 80 known 
elements at least 32 enter into a composi¬ 
tion of sea water. Many of them occur 
in such small quantities that their pres¬ 
ence can be revealed only by the spectro- 
graphic analysis, and in some cases must 
be assumed because they are found in 
the bodies of marine animals and plants. 
For a long time there was a tendency 
on the part of the chemist to disregard 
the importance of substances which are 
found in the sea water in minute 
amounts, but recent discoveries in the 
physiology of nutrition taught us to pay 
more respect to them. We know, for 
instance, that iron, copper, manganese 
and iodine are necessary for the normal 
functioning of our bodies. Undoubtedly 
they are indispensable for the reproduc¬ 
tion and growth of many marine forms, 
yet they occur in the sea water in con¬ 
centrations of only a fraction of a part 
per million. 
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Traces of silver and gold were also 
found in the sea water. It has been esti¬ 
mated that there exist dissolved in the 
sea 13,300 million tons of silver, or 
46,700 times as much as had been mined 
all over the world between the discovery 
of America and 1902. The presence of 
gold floating in the sea and ready to be 
taken by any one who can do it attracted 
a great deal of attention. According to 
the old analyses, each ton of water con¬ 
tained 5 milligrams or one twelfth of a 
grain of gold. Soon after the war, when 
Germany found herself desperately in 
need of gold, the German chemist Fritz 
Haber attempted to extract it. He 
found, however, that the actual gold 
content in sea water was only one one- 
thousandth of what was previously esti¬ 
mated. Since the cost of extraction 
would be greater than the value of the 
recovered metal, the hope of amassing 
great fortunes out of sea water quickly 
died out. Although gold recovery 
failed, the extraction of bromine, an 
element very valuable to industry, the 
recovery of which was regarded for a 
long time as a fantastic dream, is now 
being developed on a commercial scale, 
and a first plant is being erected near 
Wilmington, N. C. 

While attempts of the chemists and 
engineers have been balked by many 
technical difficulties the problem of ex¬ 
tracting various elements from sea water 
has been successfully solved by the 
marine organisms. Chemical analyses 
reveal the interesting fact that certain 
elements, which are found in the sea only 
as traces, as, for instance, iron, copper, 
zinc, iodine, vanadium, barium and 
boron, are accumulated and stored in 
the bodies of fishes, mollusks, shrimp 
and other animals and plants. 

The accumulation of iodine is proba¬ 
bly of greatest interest and importance. 
Although it is found in the sea in a con¬ 
centration of about three tenths of a 
part per billion, large quantities of it 


are accumulated by algae, molluaks, 
crustaceans and sponges. Among the 
edible fish and shellfish the highest 
iodine content was found in lobster, 
which contains 11.6 parts per million, 
and in our oyster, which contains 6 parts 
per million. It is generally accepted 
that the deficiency of iodine in our food 
is the cause of goiter and that the disease 
can be prevented by including in our 
diet food that is rich in this element. In 
certain algae and sponges the iodine ac¬ 
cumulates in such large quantities that 
it can be extracted for industrial pur¬ 
poses. A very common red sponge, 
Microciona, which abounds on oyster 
beds, contains more than 5 per cent, of 
iodine (dry basis). 

Many other elements are extracted 
from sea water and stored in the bodies 
of living organisms. Calcium, magne¬ 
sium and phosphorus are used by fishes, 
mollusks, coelenterates and others for 
the construction of bones, shells and 
skeletons. Many sponges use silica for 
building up a network of thin needles 
which support their bodies. Unicellular 
Eadiolaria select strontium, of which 
they construct their beautiful skeletons. 
Sac-like sedentary ascidia accumulate 
vanadium and use it in the same manner 
as iron is used in the blood of warm¬ 
blooded animals. There are many in¬ 
stances, however, when the purpose of 
accumulation of the material and the use 
made of it by the organism are unknown. 
Thus, we are unable at present to ex¬ 
plain why oysters and clams store about 
10,000 times as much zinc and more than 
1,000 times as much copper as is present 
in sea water. We do not know why 
lobsters and sponges need iodine, which 
they accumulate in their bodies. 

In the light of modem science the 
ocean appears to us as a huge chemical 
laboratory in which the* work goes on 
continuously without interruptionj and 
the chemical activities of its inhabitants 
seem to be as diversified as their appear- 
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auto and structure. Different elements 
are withdrawn from water, temporarily 
stored in the bodies of living forms and 
after their death are deposited on the 
bottom and redissolved. It has been esti¬ 
mated, for instance, that due to the 
activity of living forms about 1,400 
million tons of lime are being deposited 
annually on the bottom of the sea. A 
study of the chemistry of the ocean 
shows that the turnover of various ele¬ 
ments is intimately related to the or¬ 
ganic life in the sea and that the life 
cycles of various forms constitute only 
brief links in these chemical changes. 

To many marine organisms the sea 
water is not only a medium in which 
they live but is the essential constituent 
of their bodies. Suffice to mention the 
forms, like the jellyfish, which contain 
more than 90 per cent, of water. Many 
organisms, like the sponges and coelen- 


terates, are continuously forcing a 
stream of water to go through their 
bodies, providing themselves in this 
manner with food and oxygen for 
respiration. In these forms sea water 
plays a role of blood in higher animals. 

Biologists have accumulated sufficient 
evidence to maintain that life began in 
the ocean and that fresh-water and land 
animals developed from marine forms. 
In this connection it is interesting to 
mention that the blood of higher forms, 
including man, contains the same min¬ 
eral salts that are found in the sea. It 
is probably fortunate that scientific 
research in solving the old mysteries of 
nature has opened up new fields of in¬ 
vestigation and encountered new secrets. 
Maybe the day will come when the key 
to the solution of the greatest mystery, 
the origin of our life, will be found in 
the depths of the ocean. 



liiiiiaiaj-EATING SPIDERS OF 


By OOPAL CHANDRA BHATTACHARYA 

S08E MSEAIICH lUSlTOTT*, CALCUTTA 



spiders feed on vertebrates 
is xio longer contestable. Accounts of 
tHRCrent vertebrates, such as fish, rats, 
snakes, frogs, lizards* etc., being cap- 
tqred by different species of spiders in 
different part* of tie world have been 
reeorded. Dr. Ernest Warren 1 describes 
bis observations on certain lizard-eating 
spiders, Palystes natalius, as follows: 

At the beginning of July, 1*88, Mr. W. G. 
B um p, caretaker of the Natal Museum, has 
noticed on a funny morning at about 10 a. m. 
ia .iiS garden in Pietermaritzburg two large 
spider* on the woodwork of a fenoa, at a height 
about * feet above the ground. The two 
apidere, with a leg span when walking of about 
3 inches, were seen close together clinging to 
some htrge dark object. One spider was killed, 
while tire other escaped, and the object to which 
both spiders had been attached proved to be 
the body of a recently killed lizard, Lygodaety- 
ItU oapensis (A, Smith) which, when straight¬ 
ened out, was about 2| inches in length. . . . 
Subsequen t experiences render it probable that 
tite lizard had been Wiled by the spider or 
Spiders, lees than an hour previously, 

A series of interesting accounts of fish 
and lizard-eating spiders baa been col¬ 
lected by Dr. Dodger* and contributed to 


elusive of tail, was entirely devonped? 
the spider sprung at it, and madea 
seizure immediately behind the Shoulder, 
never quitting its held until the whole 
was consumed. ” But Oaleodes .aWt.'.'.titit;;' 
considered to be real spiders. TlMsy 
represent something between scorpion* 
and spiders. ; ; ; 1 

No instance of, true lizard-egting 
spiders from India end especially from 
Bengal has so far been recorded. De¬ 
cently, however, while experimenting 
with spiders for finding ont the location 
of their auditory organs and determining ^ 
if parthenogenesis really takes plao^ p( : i 
them, I have eome across a spasm, of 
these Ikard-eating spiders, vie., Argiope 
pvlcheUa Thor., of the family of Argio- 
pidae found in Bengal. These Argio- 
pidae were found suitable for the above 
experiments, and I reared a numher of 
young Argiope in several amafl inoms. 4 
Some of these spiders were provided 
with frameworks of wood, specially made ... 
for the purpose of constructii^ tihem 
webs, while others were allowed to make 
'their snares anywhere atrandom. After , 


the Natural History Magaeine, New York. t _r 
From a private epmtounication from 0 * 
him I understand that he has some more ” ere 
material on the subject in hand. Cap- 
tain Thomas Hutton* refers to Oaleodes JJ"® 
(voraxl) as the lizard-eating spider of P 
Mirzapore, Bhowalpur and Afghanistan. jSrfrE 
He says “A lizard three inches long, ex- 1 

1 Ernest Warren, D.Sc., "Notes on a lizard- ar ~& 
Bating 8. African Spider," Annals Natal Mu- 
*en«% Vbl. 5, Part X, p. 2S, 1023. t havn 

* E. W. Gudger, "Riders as Fishermen and the 1 
Hunters," Nat Mist. Mag., VaL xsr, No. 3, mi 
pp. 866-278, May-June, 1023, 

* Captain .Tbomat. Hutton on Gsteodet 1 y~ m 
(voraxf), /our. Asiatic, 800 ^ Bengal* Vnl. xi, 

Part XX, p. MO. July-Dee., 1342. " 


of dragon-flies, moths, butterflies, etA, 
were' from time' to time let Inom in these, ,4 
experimental : rooms,' in' one ■ of ^whlfh ,Ay; ; ' 
spider of' the aise: of’ ahout t tnehes 1 *1 
from to foot buBt n web mea¬ 
suring no 

On May 8, 1938, I saw 

dragon-fly (Crwotkemk 4 

having ^ekmTSe glutted* tfcwmd 

which was reiting qitietly «h • 

ahaped ;$>:$*■ $M| || tto |, 

tvAh, 
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extreme* corner. After half an hour or 
ho J was surprised to see a moderately 
big lizard sticking: to the web near the 
fly and struggling to get out of it. A 
wide rent had been made in the web, 
evidently by the struggling lizard, 
which by then was dangling with its 
head and feet stuck in the glutinous 
thread of the web, the broken threads 
in their turn having entwined the hinder 
part of its body. The flapping of the 
wings of the fly must have attracted the 
lizard to the death trap. As soon as 1 
drew near, the latter made a violent 
effort to set itself free but all in vain, 
so effectively was it snared that only 
the opening of tlie rent grew wider. I 
retired to a suitable distance and 
awaited further developments. After a 
few minutes’ struggle the lizard became 
exhausted and motionless. All the while 
the spider was seen clinging to the ceil¬ 
ing of the room and was, as it were, quite 
indifferent to the disturbances that were* 



FIG. 1. THE SPIDER IS SITTING AT THE 
CENTRAL CROSS OF THE WEB 
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FIG. 2. THE LIZARD IS SEEN STUCK 
TN THE WEB AND THE SPIDER AT TI1E 
CENTER 


going on in its web. Fifteen to twenty 
minutes elapsed in suspense, when the 
lizard made another violent effort to free 
itself from the snare. Instantly the 
spider came down and tore off a radial 
line so that a large portion of the web 
was loosely thrown over the struggling 
victim. The spider silently watched for 
a minute or two and then suddenly 
springing upon the lizard swathed it by 
a stream of flossy ribbonlike threads 
with the help of its hindmost legs. The 
body of the victim being larger and 
heavier than that of its own, the spider 
could not revolve the lizard bodily for a 
perfect swathing, but only threw streams 
of flossy silk over the captive. At this 
moment the lizard, thus entangled, made 
a final and desperate attempt to free it¬ 
self. This time at least fortune smiled 
on the poor creature, and it escaped 
carrying along with its tail a portion of 
the web. The perplexed spider, being 
denied the dainty meal, retired to the 
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FIG. 8. THE TRU88ED-UP LIZARD 18 
BEEN ATTACHED TO THE WEB 

central cross and began to toilet its head 
and feet. 

Being encouraged by this incident, I 
placed the same spider on a wooden 
frame in order that it might construct 
a fresh web therein. By the evening the 
spider had actually built up a large 
beautiful web inside the frame and was 
quietly sitting at the central cross (Fig. 
1). The frame with the spider was then 
removed to a lumber room full of com¬ 
mon house lizards, Hemidactylus coctaei . 
A simple device was made by means of 
a wooden elbow-bend to entice the lizards 
to the web. One arm of this elbow-bend 
was attached to the ceiling of the room, 
the free end of the other arm being 
placed very close to the vertical plane 
of the spider’s web. On the other side 
of the web, just opposite the free end 
of the arm, was placed a stand, on the 
top of which a living dragon-fly was 
mounted. The gap between the fly and 
the free end was hardly more than an 
inch, the web occupying the interven¬ 
ing space. The idea was that the flap¬ 
ping of the wings of the fly would at¬ 


tract the lizards and cause them to climb 
down the elbow-bend and spring upon 
the fly. Though the device was com¬ 
plete 1 had to wait a couple of days be¬ 
fore anything actually came to pass. I 
replaced a fresh and vigorous fly every 
day, as I had noticed one or two lizards 
going back from the elbow-bend, owing 
to the weak fly having stopped moving 
its wings. Then on May 26, 1933, at 
about 3 p. m. in the afternoon I noticed 
a lizard actually stuck in the web in its 
attempt to capture the dragon-fly. The 
lizard measured about 3| inches in length 
from head to tail. Under the weight of 
its body a big rent was made in the web, 
in which the lizard itself got entangled 
and was hanging loosely. It made a 
vigorous attempt to set itself free from 
the snare, but in vain. After a few 
minutes’ struggle it remained motionless 
for a considerable time, when a photo¬ 
graph was taken (Fig. 2), the spider in 
the meantime having returned to its 
original position. Half an hour passed 
quietly, when the lizard began to strug- 



FIG. 4. THE SPIDER 18 SUCKING THE 
JUICE OF A CRUMPLED BIT OF FLESH 
OF THE LIZARD 
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gie again. All the time the spider was 
getting ready to attack the victim, and 
no sooner did the lizard begin to move 
than it sprang upon the latter and began 
to throw flossy streams of ribbon all 
over its body. The struggling of the 
lizard continued, but the spider did not 
stop throwing flossy silk until it was 
completely mummified. The spider then 
firmly attached the trussed-up victim to 
the web and took a drag-line to the cen¬ 
tral cross where it fixed the other end of 
the line. It then displayed a peculiar 
dancing attitude by raising its body 
upon its legs for three or four times, 
which is the usull practise with all the 
spiders of this species, in order, as it 
were, to express its joy and excitement 
at the success just attained. 

The spider kept quiet for some time 
and then mended a portion of the upper 
part of the torn web and partially re¬ 
built the cross at the center. The lizard 
was still alive, the shivering of its body 
being distinctly visible through the 
translucent silken threads. Fig. 3 shows 
the trussed-up lizard and the position of 
the spider on the web. At about 6 p. m. 
that very evening the spider crawled to 
the trussed-up victim and inserted its 
fangs into the neck of the lizard. In¬ 
side the silken sheath, the lizard, which 
was still alive, shivered twice or thrice 


and was silent forever. The spider re¬ 
mained biting for a few minutes and af¬ 
terwards dragged the swathed victim to 
the center of the web, where it bqgan 
chewing the latter to pulp. Next morn¬ 
ing by 11 a. m. only a crumpled bit of 
flesh and skin was left and it could by 
no means be recognized as the remains 
of the lizard (Fig. 4). The photograph 
shows the spider busy chewing the crum¬ 
pled bit. By a quarter past twelve the 
spider stopped eating and dropped the 
remnants to the floor. On examining 
the crumpled black mass a portion of a 
lacerated skin and smashed head, with 
traces of broken pieces of bones, could 
be recognized. The spider, with its ab¬ 
domen now greatly distended after the 
repast, remained sluggish for the next 
five or six days, during which time it 
refrained from taking any more food. 
It did not even care to mend the Web 
or make a new one. A few days later, 
however, the same spider captured an¬ 
other young lizard in a freshly con¬ 
structed web and devoured it in the 
same manner as detailed above. 

The observation just recorded is not 
a stray or accidental one. I have, under 
similar circumstances, observed exactly 
similar behavior on the part of other 
specimens of the same spider. 



D. MENDELfSEFF 
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THE CENTENARY OF A SCIENTIFIC PROPHET—DMITRI MENDELEEFF 


All over the world, wherever lectures 
in chemistry are given, and nowadays 
in most physics lecture rooms there is 
found a table or chart listing and classi¬ 
fying the elements. This table usually 
bears the name of Mendeleeff, who was 
its inspired originator. Many readers 
may recall that this “Periodic System of 
the Elements’’ is prominently displayed 
at the Chicago Century of Progress Ex¬ 
position. 

In September of this year Russia cele¬ 
brates with a series of scientific gather¬ 
ings in Leningrad and Moscow the cen¬ 
tenary of the birth of one of its greatest 
men of science, Dmitri Ivanovitseh 
Mendeleeff. 

Mendeleeff was born in Siberia of good 
intellectual and pioneer stock. The last 
and seventeenth child, he was dedicated 
by his mother to the pursuit of higher 
learning. Dogged by family .misfor¬ 
tunes, illnesses and poverty, he was only 
just able to gain admittance to a college 
in St. Petersburg which provided him 
with ail material necessities and brought 
him into contact with a number of recog¬ 
nized scholars. Years later he was per¬ 
mitted by the Minister of Public Instruc¬ 
tion to study abroad in Paris and in 
Heidelberg. Shortly after his return he 
became professor of chemistry at the 
Technological Institute, and in 1869, at 
the age of thirty-two, professor at the 
University of St. Petersburg. 

In March, 1869, Mendeleeff presented 
to the Russian Chemical Society his im¬ 
mortal paper, “Oq the Relation of the 
Properties to the Atomic Weights of the 
Elements.” This was a remarkable gen¬ 
eralization which covered all the 63 ele¬ 
ments known at that time. Mendeleeff 
himself points out forerunners who had 
compared small groups of similar ele¬ 


ments, but adds, “they merely wanted 
the boldness necessary to place the whole 
question at such a height that its reflec¬ 
tion on the facts could be clearly seen.” 

All the elements were now arranged 
for the first time in the order of their 
atomic weights, whereupon they were 
seen to be periodic in that they fell into 
successive lines of a table in which simi¬ 
lar elements came in the same vertical 
column. There were gaps and dis¬ 
crepancies, but closer study justified 
Mendeleeff’s classification. 

As regards the gaps, Mendeleeff had 
the courage to predict that new or eka- 
elements would be discovered with prop¬ 
erties which he described in remarkable 
detail. There are diamatie moments in 
the intellectual progress of mankind, 
when the force of controlled imagination 
leads to the discovery of a reality in 
nature. Thus the calculations of Adams 
and Leverrier had predicted the exis¬ 
tence and position of an unknown plane¬ 
tary body, which was then found by 
Gallo in its prescribed place and called 
the planet Neptune. Similarly, in 1875 
Leeoq de Boisbaudran discovered a new 
element gallium with all the properties 
of efttf-alumimum. In 1879 Nilson de¬ 
scribed scandium and in 1886 Winkler, 
germanium. These were cfra-boron and 
e/w-silieon. 

Even Madame Curie’s polonium, 
named for yet another country, and not 
discovered until the twentieth century, 
was Mendeleeff’s dot-tellurium. Another 
name for it is radium F. This brings 
out something that Mendeleeff did not 
foresee, the series of radioactive ele¬ 
ments and another group due largely to 
Ramsay, the so-called rare or inert gases 
which now form our street signs. Now 
the system of 92 elements is complete 
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with the heaviest element uranium of 
atomic number 92. The atomic number, 
which runs closely parallel to the atomic 
weights, has proven in recent years to be 
more fundamental even than atomic 
weights, for now, for most elements, it 
has been found that there exists a group 
of isotopes almost identical, save in 
atomic weight. The impetus to all this 
later work was given by Mendeleeflf, and 
its constant guide has been his classifica¬ 
tion. The key to a partial explanation 
has since been given by our later discov¬ 
eries of the constitution of the atom. 
Much remains to be done before we have 
a complete system of the structure of the 
nuclei. 


Jeans has suggested that since our ob¬ 
servations are confined to the surface of 
the earth and the outer atmospheres of 
the stars and since the earth itself is 
only a sample of the outer atmosphere 
of the sun, our 92 elements may consti¬ 
tute only a small fraction of the weight 
of the universe. In this connection it is 
interesting that within the last few weeks 
there is reported the deliberate creation 
by Fermi of Naples of a new element of 
atomic number 93 by adding one unit to 
uranium. We recognize ever more 
clearly the prophetic insight which may 
be attained or vouchsafed into funda¬ 
mental realities of nature. 

Mendel6eff introduces his work on 
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Mods 

Group 0 

Group I 

Group Q 

1 

|M« 

S 

Group IV 

Group V 

Group VI 

Group VII 

Group Vm 

Type of Oxid* 

Type of Hydride 

— 

FjO 

EH 

SO 

BHi 

RA 

RH. 

RO, 

RH* 

ReO, 

RH* 

RACR00 

RH* 

ReO, 

RH 

RO* 

Find abort period 

He* 

4.00t 

A B 

Hi 
1.0078 
US 

8.94 

A B 

Be 4 
9.08 

A B 

B5 

10.88 

A B 

CC 

18.00 

A B 

.N 7 

14.008 

A B 

08 

16.00 

A B 

F9 

10.0 


Second abort period 

Neio 

CO. 188 

Nnll 

88.997 

Mg I* 

*4.3* 

AI18 

86.97 

8114 

88.06 

P15 
81.08 

S16 

88.00 

Cl 17 
88.46 


First 

long 

period 

Even Series 

Odd Series 

Ab 

89.94 

Kl9 

89.1 

Cu89 

68.87 

Coco 

40.07 

ZnSO 

65.88 

Sc 81 

45.1 

Gs 31 
69.78 

Ti 88 
47.9 

Ge 38 
78.6 

V 88 
80.96 

Aa 83 
74.98 

Cr 84 

88.01 

Se 34 
79.8 

Mn 85 
54.98 

Br 85 
70.98 

Ft 86Co87 NI88 
55.84 88.94 58.09 

i 

Second 

long 

—j_« 

pSts>9»« 

j Eva Safe. 

joddSm. 

KrJW 

88.9 

Rb 87 
88.44 
Ag47 
107.88 

Sr 38 
87.68 
Cd48 
118.41 

Y 89 
88.98 

In 40 
114.8 

Zt 40 
91.88 

Bn 80 
118.7 

Cb 41 

98.1 

Sb61 

181.77 

Mo 48 

96.0 

Te58 

187.5 

Me 43 
t 

I5S 

186.98 

Ru 44 Rb 45 Pd 46 
101.710841 106.7 

Third 

Ion* 

period 

[Even Series 
[Odd Series 

Xe.u 

190J 

Cs 85 

188.81 

Be 56 
187.36 

U57 

188.9 

Ce3H 

140.18 





| The Rare Earth Element*. Atomic Number* 19.71 

Fourth 

long 

period 

f 

Even Series 
[Odd tala 


An 79 
IITJ 

Sin 

H 81 

804.89 

Hf 78 
178.6 

Pb 88 
807.88 

Te 78 
181.5 

Bi 85 
809.0 

W74 

184.0 

Fo 84 

Re 75 

188.7 

—85 

0s7(ilr 77 Pt 78 

1904 188J 198J8 

Fifth period 

Bn sr. 

-n: 

Bn 88 
888.97 

A 08 O 

Thl*» 

888.18 

UXa91 

U 98 

888.14 




PERIODIC CLASSIFICATION OF THE ELEMENTS—MENDELlSEFF (MODIFIED) 
The number at the right or the symbol is the atomic' number or the element, and the 


NUMBER BELOW IS THE ATOMIC WEIGHT. 


“Solutions” in the following interesting 
lines: 

This investigation is dedicated to the memory 
of a mother by her youngest offspring. Con¬ 
ducting a factory, she could educate him only 
by her own work. She instructed by example, 
corrected with love, and in order to devote him 
to science she left Siberia with him, spending 
thus her lust resources and strength. 

When dying, she said, “Refrain from illu¬ 
sions, insist on work, and not on words. Pa¬ 
tiently search divine and scientific truth . 99 She 
understood how often dialectical methods de¬ 
ceive, how much there is still to be learned, and 
how, with the aid of science without violence, 
with love but firmness, all superstition, untruth, 
and error are removed, bringing in their stead 
the safety of -discovered truth, freedom for 
further development, general welfare, and in¬ 
ward happiness. Dmitri Mondeteeff regards as 
sacred a mother's dying words. October, 1887. 

The centenary of Mendeleeff’s birth 
has recently been commemorated by the 
London Chemical Society with an ad¬ 
dress by Lord Rutherford. A much 


more elaborate celebration is arranged 
to take place in Leningrad and Moscow 
over a period of five days, beginning on 
September 10. Invitations have been 
issued to a number of foreign guests, 
and reports will be read relating the 
great progress recently made by the very 
numerous scientific institutes in support 
of which the U. S. S. R. spent in 1933 no 
less a sum than $320,000,000. 

The Soviet postal authorities have is¬ 
sued a series of new postage stamps of 
five and twenty kopek denominations, 
bearing a design of the Mendel^eff monu¬ 
ment against a background of his table 
of the periodic system of elements; the 
ten and fifteen kopek denominations 
bear a portrait of Mendel6eff, also 
against a background of the table of the 
periodic system of elements. All bear 
the commemoration date 1834-1934. 

J. W. McBain 
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THE INTERNATIONAL CHEMISTRY MEETINGS AT MADRID 


Early in April Spain was hostess to 
two international congresses in the field 
of chemistry, bringing together some 
1,209 chemists from all over the world. 
Before the world war it had become the 
custom to hold an International Congress 
of Pure and Applied Chemistry every 
three years in a different country, in 
1909 the seventh congress was held in 
Rome; and in 1912 the eighth congress 
was held in Washington, D. C., and New 
York. The latter was an auspicious 
event, bringing many of the notables of 
Europe to America. The ninth con¬ 
gress was scheduled for Russia in 1915, 
but the world war interfered and there 
was no resumption of these international 
gatherings until the recent one. 


In the afternoon Dr, Gilbert N. 
Lewis, professor of chemistry and dean 
of the -college of chemistry at the Uni¬ 
versity of California, lectured on “Dif¬ 
ferent Kinds of Water ” in the audito¬ 
rium of the University of Madrid. 
Distinguished chemists from many lands 
presented lectures on as many different 
phases of theoretical and applied chem¬ 
istry. There were 34 general and 
special lectures, but in all some 300 
papers were presented. The importance 
of organic chemistry was clearly brought 
out, for several times as many papers 
were devoted to organic chemistry as to 
inorganic chemistry. A further analysis 
shows that 57 papers were presented in 
organic chemistry, 55 in biochemistry, 



THE NATIONAL INSTITUTE OF PHYSICS AND CHEMISTRY 


At the opening session of the congress 
in the Capital Theater at Madrid Gen¬ 
eral Secretary Professor Enrique Moles 
gave the address of welcome. The 
president of the congress, Professor 
Obdulio Fernandez, gave an address on 
the advance of chemistry since the previ¬ 
ous congress. This was followed with a 
short talk 'by Professor E. Biilrnaim, 
president of the International Union of 
Chemistry. This impressive session was 
brought to a close by President Zamora, 
of the Spanish Republic, who was seated 
with the officers on the stage during the 
morning. The keen insight of this ruler 
into scientific developments and their 
significance was a revelation. His genial 
character and cordiality made one feel 
at home at once in Madrid. 


44 in analytical chemistry and 16 in 
agricultural chemistry, while only 26 of 
the papers were classified as pure and 
applied inorganic chemistry. 

The American representatives, recom¬ 
mended to the State Department by the 
National Research Council and the Na¬ 
tional Academy of Sciences and sent as 
official delegates, were: Dr. Arnold K. 
Balls, U. S. Bureau of Chemistry; Dr. 
Edward Bartow, State University of 
Iowa, chairman; Dr. J. van N. Dorr, 
New York; Dr. Raleigh Gilchrist, U. S. 
Bureau of Standards; Dr. Lauder W. 
Jones, Princeton University; Dr. Gilbert 
N. Lewis, University of California; Dr. 
Atherton Seidell, National Institute of 
Health; Dr. Alexander Silverman, Uni¬ 
versity of Pittsburgh; Dr. Robert E. 
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THE NEW FACULTY OF SCIENCES 

A PLASTIC MODEL SHOWING TlIE INSTITUTE OF CHEMISTRY IN THE BACKGROUND. 



THE STATE OF CONSTRUCTION 

of the Institute of Chemistry of the Faculty of Sciences shortly before the congress 

CONVENED. 



THE INSTITUTE OF CHEMISTRY OF THE FACULTY OF SCIENCES 
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PROFESSOR E. Bill,MANN 

RETIRING PRESIDENT OP THE INTERNATIONAL 

Union or Chemistry. 


Swain, Leland Stanford University; Dr. 
John W. Turrentine, U. S. Bureau of 
Chemistry. 

On the second day there was a most 
impressive ceremony in the great hall of 
the university, where honorary doctor of 
science degrees were conferred upon 
Professors Nicola Parravano of Rome, 



PROFESSOR NICOLA PARRAVANO 

NEWLY ELECTED PRESIDENT OF THE INTERNA¬ 
TIONAL Union or Chemistry and recipient or 

AN HONORARY DOCTOR Or SCIENCE DEGREE. 


Henry Armstrong of London, Henri le 
Chatelier of Paris, Paul Walden of 
Rostock and Gilbert N. Lewis of Berke¬ 
ley. Doctor of pharmacy degrees were 
conferred upon Professors Robert Robin¬ 
son of Oxford, Paul Karrer of Zurich 
and Ernest Fourneau of Paris. The 
colorful ceremonials accompanying these 
events in European universities added to 
the dignity and impressiveness of such 
occasions. It might be noted that two 
of the men honored were octogenarians, 



PROFESSOR ENRIQUE MOLES 

GENERAL SECRETARY OF THE NINTH INTERNA¬ 
TIONAL Congress or Pure and Applied Chem¬ 
istry, WHO GAVE THE ADDRESS OP WELCOME. 

namely, Professor Armstrong and Pro¬ 
fessor le Chatelier, each of whom is 84 
years of age, the first the dean of British 
chemists, the second, the dean of French 
chemists. Following the ceremony there 
was the customary serving of refresh¬ 
ments, wine and champagne, cakes and 
sandwiches. This seems to be an in¬ 
dispensable part of such events in Spain. 

A/t a meeting of the Spanish Academy 
of Sciences, Professors G. Garger of 
Edinburgh, E. Bartow of the State Uni¬ 
versity of Iowa, G. B. Bonino of 
Bologna, G. Bertrand of the Pasteur 
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Institute, F. Fichter of Basle, S. P. 
Sorensen of Copenhagen, E. Spatli of 
Vienna and E. Votocek of Prague were 
elected fellows of the academy. We 
should bear in rnind that America has 
been doubly honored in the conferring 
of the doctor of science degree upon Pro¬ 
fessor Gilbert N. Lewis by the Univer¬ 
sity of Madrid and the election of Dr. 
Edward Bartow as a fellow of the Span¬ 
ish Academy of Sciences. 

The closing session of the Ninth Con¬ 
gress of Chemistry and Eleventh Con¬ 
ference of the International Union w T ere 
held in the great hall of the university. 
Professor Nicola Parravano of Rome was 
elected to succeed Professor E. Biilinann 
of Copenhagen as president of the Inter¬ 
national Union. It was voted that the 
next meeting of the Union should be 
held in Switzerland in 1936. On this 
occasion expressions of appreciation to 
Spain for her wonderful hospitality fol¬ 
lowed in resolution upon resolution. 
There is no doubt that the government 
and the business men of Spain must have 
spent hundreds of thousands of pesetas 
for the elaborate entertainment of their 
guests and for the publication of re¬ 
prints, maps, guide books and exquisitely 
illustrated volumes on chemistry in 
Spain and on centers of especial inter¬ 
est. These will ever remain previous 
souvenirs to those who were fortunate 
enough to attend the Ninth Interna¬ 
tional Congress of Pure and Applied 
Chemistry. 


Too much can not be said of the ex¬ 
traordinary development in chemical 
science in Madrid and undoubtedly in 
other centers in Spain as well. The 
National Institute of Physics and Chem¬ 
istry, located in the university, which 
was founded in 1513 and which now has 
a student enrolment of over 12,000, al¬ 
ready occupies a building provided with 
well-equipped laboratories, and there is 
under construction a new laboratory, 
magnificent in design and gigantic in 
plan and scope. It will cover at least 
the equivalent of four American city 
blocks. The educational system in vogue 
is worthy of comment. Except for 
special lectures, the lecture system has 
largely been abandoned. Students are 
given every possible facility in libraries 
and laboratories and resort to confer¬ 
ences and independent investigations for 
their advancement. Under the sound 
guidance of their professors they are 
developing a self-reliance and an ambi¬ 
tion for search and investigation wdiieli 
will unquestionably place Spain in the 
front ranks in the development of chem¬ 
ical science. 

The meeting of the International Con¬ 
gress of Chemistry and of the Union in 
Madrid will ever be a memorable one in 
the minds of those who were fortunate 
enough to enjoy the wonderful hospital¬ 
ity of Spain. Much of the credit is due 
to the efforts of President Obdulio 
Fernandez and Secretary Enrique Moles 
of the congress. 

Alexander Silverman 


THE MOUNT ST, KATHERINE SOLAR OBSERVATORY 


An American astronomer and his 
family recently started housekeeping on 
the summit of Mount St, Katherine in 
the Sinai Peninsula. 

Their cozy granite-block dwelling 
house, erected for them by the monks of 
Saint Katherine f s Monastery, who are 
their nearest neighbors, may stand close 
to the very spot where, in the opinion of 


some Biblical scholars, Moses received 
the ten commandments, according to the 
description in the book of Exodus, 

A short distance away on the very 
peak stands the new observatory, also 
erected by the monks, where Harlan H. 
Zodtner, of the Smithsonian Institution, 
will make daily observations of the radi¬ 
ation output of the sun. Dr. Charles G. 
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THE DWELLING HOUSE AND SHOP 


Abbot, secretary of the Smithsonian The monastery itself, 10 miles away 
Institution, has the signed contract be- in the valley of Wady el-Der, is one of 
tween Zodtner and His Beatitude For- the oldest in Christendom, and the 
phyrios the Third, archbishop of Mount monks themselves had their nativity in 
Sinai, acting on behalf of the convent of many lands. They have been extremely 
Mount Sinai. Under this agreement the friendly to their new neighbors. Primi- 
dwelling and observatory were erected five Christianity and modern science in 
by the monks and will become the prop- one of its most advanced branches have 
erty of the monastery when the institu- entered into a cordial partnership in this 
tion is through with them. The monks strange land, over whose desolation is 
also constructed a road to the observa- the glamor of supernatural tradition, 
tory and a masonry enclosure around Aside from the monks, Mr. Zodtner, 
the mountain spring. his family and his assistant, Mr. F. A. 



COELOSTAT FOR REFLECTING SOLAR RAYS INTO THE OBSERVATORY 
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Greeley, expect few human contacts. 
There are occasional pilgrims, however, 
and during the summer Bedouin herds¬ 
men drive their sheep and goats up the 
mountain sides to take advantage of the 
scant pasturage around the high springs. 

This is not the first time, it is prob¬ 
able, that the summit of Mount St. 
Katherine has been used as an astronom¬ 
ical observatory, of a sort. Arabs as 
early as the sixith century were conduct¬ 
ing worship of the ancient moon god 
Sin on the summits of the Sinai moun¬ 
tains and may have set up one of their 
strange altars on the very site of the 
Smithsonian observatory. 

Mr. Zodtner, in letters just received at 
the Smithsonian, reports that his family, 
consisting of his wife and two small 
children, is comfortably situated on the 
sacred mountain top e* cept for the 
lonely desolation of the site. He al¬ 
ready has started to make observations, 
observing on 15 days in January and 21 
days in February with nearly cloudless 
skies. 

Mount St. Katherine was selected as 
the site for the observatory after a long 
search over Africa and Asia for the 
highest, driest accessible spot in the 
eastern hemisphere where low wind 
velocities prevail. It represented the 
best combination of these conditions that 
could be found. For years the Astro- 
physical Observatory of the Smith¬ 
sonian, under the direction of Dr. 
Abbot, has been measuring daily the 
amount of solar radiation in different 
parte of the western hemisphere—at 
Washington, Table Mountain in Califor¬ 
nia and Mount Montezuma, Chile. This 
patient work is beginning to lead to im¬ 
portant conclusions concerning varia¬ 
tions in the earth’s weather, and prog¬ 
ress has been especially rapid during the 
past year. 

But reliable data from the eastern 
hemisphere are desirable in order to mul¬ 


tiply the chances of observing the sun’s 
heat every day without breaks. For the 
sun is a slightly variable star. Its 
variations can not be accurately pre¬ 
dicted. Daily observations are required 
to make complete the investigation of 
relations of weather to the sun’s heat. 
It is to secure such data that Mr. 
Zodtner has set up his instruments on 
Mount St. Katherine. 

Few spots on earth approach the ideal 
for these delicate measurements. What 
is measured is the amount of heat from 
the sun that falls at any given time on 
a hypothetical black object with the 
dimensions of a cubic centimeter, placed 
at the edge of the earth’s atmosphere. 
Nobody, of course, can get to the edge 
of the atmosphere to place and observe 
such a cube. It must be an imaginary 
cube, with the amount of heat it absorbs 
measured somewhere on the earth’s sur¬ 
face. The radiation that actually comes 
through to the surface is far different in 
amount from that which would be re¬ 
ceived by the hypothetical black body, 
because of the very great complications 
brought about by the content of the 
atmosphere itself. 

First of all, there must be a com¬ 
pletely cloudless sky. Secondly, the air 
is full of water. Water absorbs radia¬ 
tion, especially at the lower edge of the 
spectrum from the limits of the visible 
red far into the invisible infra-red. So 
it is essentia] to find a mountain in a 
desert where the water vapor will be at 
a minimum. 

Thirdly, the minute dust particles in 
the atmosphere scatter the radiation 
over the sky. So there must be a mini¬ 
mum of dust. Fourthly, the delicacy of 
the measurements requires nearly calm 
winds in order to observe with the ac¬ 
curacy demanded. Mount St. Katherine 
comes close to satisfying all these condi¬ 
tions. 
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ELEMENT NUMBER 93 


Has a super-uranium, the first of a 
series of elements heavier than the recog¬ 
nized 92 chemical building blocks, been 
discovered? I)r. Enrice Fermi, 32-year- 
old physicist of the Royal University of 
Rome, by atomic bombardment has re¬ 
ported that he can artificially create a 
new element, No. 93. He obtained this 
result by bombarding uranium, heaviest 
of elements, with neutrons. 

Uranium is the heaviest element found 
in nature, being 238 times as dense as 
hydrogen, the lightest. For many years 
it was thought to be the limit of all the 
possible elements, but recently Sir 
Arthur Eddington and other theoretical 
scientists have calculated the maximum 
number of possible elements as 136. 
Element No. 93 of Dr. Fermi, if its real¬ 
ity is substantiated by competent inves¬ 
tigators working independently, may be 
the first of the super-heavy substances 
lying beyond uranium in the gamut of 
chemical elements. 

Opinion among American physicists 
regarding Dr. Fermi’s discovery indi¬ 
cates that if still-heavier elements arc 
found they will be transitory substances 
breaking down like the naturally radio¬ 
active elements such as radium but 
probably much faster. For the pro¬ 
visional element No. 93 it is reported to 
take only 13J minutes for the initial 
quantity of the element to “decay” or 
disintegrate to half the amount. 

By what proof Dr. Fermi bases his 
report on the actuality of element No. 
93 is still unannounced. In his recent 
communication to the British scientific 
journal, Nature , however, he cites 
twenty-three cases where he had been 
able to produce artificial radioactivity in 
a variety of elements with the same ap¬ 
paratus he employed for creating ele¬ 
ment No. 93. In recounting his work 
Dr. Fermi told bf observing electrons 
being given off as the man-made radio¬ 
active substances decayed away. Thus 


he differed with the earlier research of 
Irene Curie and Professor F. Joliot of 
Paris, who have observed positrons being 
omitted in the process. 

The atomic happenings which might 
account for the creation of the new ele¬ 
ment out of uranium are still a subject 
of debate and conjecture among scien¬ 
tists. One possible occurrence might be 
that the neutrons used by Dr. Fermi 
(consisting, if they do, of a positive 
particle, the proton and a negative 
charge, the electron) might break into 
two parts on impact with the nucleus of 
the uranium atoms. The proton might 
embed itself within the uranium nucleus 
and so increase the weight of the atom to 
No. 93, while the electron part of the 
neutron would be given off in the proc¬ 
ess and be detectable either with electri¬ 
cal instruments known as Geiger coun¬ 
ters or by photographing the electron 
tracks in a Wilson cloud chamber. 

The best way to determine whether 
the new element No. 93 really exists 
would be to weigh it on the atomic 
“scales”—the mass spectrograph. It 
does not appear that this crucial test has 
been applied in Dr. Fermi’s work, for no 
mention was made of the method. 

What amazes American scientists re¬ 
garding Dr. Fermi’s experiments is that 
his source of bombarding neutrons is 
comparatively weak. In a small glass 
tube the Italian scientist placed beryl¬ 
lium and the radioactive gas, radon, 
given off by radium as it breaks up. 
The action of the radon on the beryllium 
caused swift-moving neutrons to come 
off which struck a nearby bit of uranium. 
About 100,000 neutrtms were liberated 
in this fashion each second. In America 
sources of neutrons have been developed 
which are capable of giving off 100 times 
this number per second. 

It is only since the beginning of 1934 
that the technique of creating artificial 
radioactivity in normally stable elements 
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has been known to the world of science. 
On January 31 Irene Curie (daughter of 
the late Madame Curie, discoverer of 
radium) and her husband, M. P. Joliot, 
announced that by bombarding the ele¬ 
ments boron, magnesium and aluminum 
with the heavy cores of helium atoms 
they were able to create transitory 
radioactive forms of nitrogen, silicon 
and phosphorus. 

Substantiation of the Curie-Joliot ex¬ 
periments followed swiftly from the 
Cavendish Laboratory at the University 
of Cambridge, England, and from the 
California Institute of Technology and 
the University of California in America. 
In England the favorite atomic bom¬ 
barding particles have been the cores of 
hydrogen atoms—the protons. In the 
California experiments the cores of the 
new heavy hydrogen—tin deutons—have 
been driven at a variety of elements to 
produce artificial radioactivity. 

Work prior to that of Dr. Fermi on 


the creation of artificial radioactivity 
has all been accomplished by using rela¬ 
tively light-weight elements as targets. 
That the same phenomena could be pro¬ 
duced in the heaviest and must compli¬ 
cated atom of all, uranium, was un¬ 
known. For uranium, and the whole 
series of elemental offspring which 
finally ends when lead is reached, it was 
known that natural radioactivity was 
occurring with elements gradually turn¬ 
ing into substances of slightly less 
weight. Many* experiments seemed to 
indicate that nothing man could do 
would change the rate at which the nat¬ 
ural disintegration occurred, either to 
slow it down or speed it up. If Dr. 
Fermi’s work on the creation of element 
No. 93 is substantiated later by other 
scientists it will be the first case where 
the hitherto impregnable sequence of 
natural radioactivity change has been 
altered. 


Science Service 
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THE REALM OF THE NEBULAE 

By Dr. EDWIN HUBBLE 

MOUNT WILSON OBSERVATORY OF THE CARNEGIE INSTITUTION OF WASHINGTON 


The Exploration of Space 


I propose to discuss some of the recent 
explorations in the realm of the nebula* 
which bear directly on the structure of 
the univefc$& The earth we inhabit is a 
member of the solar system. The sun 
with its family of planets seems isolated 
in space, but the sun is merely a star— 
one of the millions which populate our 
particular region of the universe*. The 
stars are scattered about at enormous 
intervals, but on a still greater scale they 
are found to form a definite system, 
again isolated in space. On the grand 
scale we may picture the stellar system 
drifting through the universe a& a swarm 
of bees drifting through the air. 

Prom our position somewhere within 
the system, we look out through the 
swarm of stars, past the borders, into the 
universe beyond. It is empty for the 
most part—vast stretches of empty 
space. But here and there, at immense 
intervals, we find other stellar systems, 
comparable with our own. They are so 
distant that in general we do not see the 
individual stars. They appear as faint 
patches of light and hence are called 
nebute, i.e., cfouds. * 

The nebula are great beacons, scat- 
the depth of space. We 
appear large and bright, 
nearer nebulae. Then we 
iller and fainter in con- 



^ increasing numbers, and we 


know we are reaching out into space 
farther and ever farther until, with the 
faintest nebula* that can be detected 
with the greatest telescope, we have 
reached the frontiers of the known uni¬ 
verse. This last horizon defines the 
Observable Region—the region of space 
iwhich can be explored with existing tele¬ 
scopes. It is a vast sphere, some 600 
million light years in diameter, through¬ 
out which are scattered TOO million 
nebula\ 

The question immediately arises as to 
whether the nebula* form an isolated 
super-system, analogous to the system of 
the stars but on a still grander scale. 
Actually, we find the nebulae scattered 
singly, in groups and occasionally in 
great clusters, but when very large vol¬ 
umes of space are considered, the ten¬ 
dency to cluster averages out and to the 
very limits of our telescopes the distri¬ 
bution is approximately uniform. If the 
observable region is divided into 100, 
1,000 or even 10,000 equal parts, the 
nebular contents of the various fractions 
are very closely similar. There is no 
evidence of a thinning out, no trace of a 
physical boundary. The realm of the 
nebula, we must conclude, stretches on 
and on, far beyond the frontiers. 

Observations give not the slightest 
hint of , a super-system of nebula. 
Hence, for purposes of speculation, we 
may invoke the principle of th# uni- 
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THE “WHIRLPOOL NEBULA M (M. 51 IN 
CANES VENATICI) 

This, thk first nebula in which the spiral 

STRUCTURE WAS DISCERNED, IS ABOUT ONE MIL¬ 
LION LIGHT YEARS FROM THE EARTH. (TAKEN 

at Mt. Wilson Observatory of Carnegie In¬ 
stitution.) 

formity of nature and suppose that any 
other equal portion of the universe, 
chosen at random, will exhibit much the 
same general characteristics as the re¬ 
gion we can explore with our telescopes. 
As a working hypothesis, serviceable 
until it leads to contradictions, we may 
venture the assumption that the realm of 
the nebulas is the universe—that the 
Observable Region is a fair Sample and 
that the nature of the universe may be 
inferred from the observed characteris¬ 
tics of the sample. 

Characteristics op the Observable 
Region 

The characteristics of the Observable 
Region as a whole forms the main sub¬ 


ject of the present discussion, but a brief 
appendix will be added, indicating the 
kind of information concerning the uni¬ 
verse we may hope to infer from the 
sample. 

We are situated, by definition, at the 
•center of the Observable Region. Our 
immediate neighborhood'—the system of 
the planets—we know rather intimately, 
but our knowledge fades rapidly with 
increasing distance. We know some¬ 
thing about the stars, a little about the 
nearer nebula 1 , almost nothing about the 
more remote nebula? save their direc¬ 
tions, their apparent luminosities and 
the nature of the light which they emit. 
Information concerning the Observable 
Region as a whole is thus restricted to 
the most general features only—the dis¬ 
tribution of nebulie and the more con¬ 
spicuous characteristics of their spectra. 
These data, together with the general 
laws of nature, which we assume to hold 
everywhere, are our present clues to the 
nature of the universe. 

Let us start with distribution. The 
nebula? are beacons scattered through 
space 1 . In order to determine their dis¬ 
tribution it is necessary to know their 
intrinsic luminosity, i.e., their candle 
power—both the average luminosity and 
the range. If some nebula? were intrin¬ 
sically a million times brighter than 
others, as is the case with stars, the 
problem of the distribution would be 
extremely difficult, for apparent faint¬ 
ness would then be a very poor indica¬ 
tion of distance. Fortunately, the 
nebulae are all of the same order of in¬ 
trinsic luminosity. This information 
was derived as follows. 

Distances of Nebulas 

The nebulae are stellar systems, and 
some of them are so near that a few of 
the individual stars can be detected with 
the modern reflectors. Stars are the 
fundamental criteria of nebular dis¬ 
tances. We know something about stars 
and wherever we find them we can gen- 
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erally recognize their types, estimate 
their eandlepowers, and so derive their 
distance from their apparent faintness. 
In a dozen of the nearest nebulas, various 
types of stars are clearly recognized and 
distances are rather accurately deter¬ 
mined. 

For instance, some 40 cepheid variable 
stars are found in M31, the great spiral 
nebula in Andromeda. Such stars in our 
own system average about 3,000 times as 
bright as the sun. In the spiral they 
appear about 150,000 times fainter than 
the faintest star that can be seen with 
the naked eye. A simple calculation in¬ 
dicates that the spiral must lie at a dis¬ 
tance of nearly a million light years. 
Other types of stars which can be recog¬ 
nized <in the nebula indicate the same 
order of distance, and hence we consider 
that the results are reliable. Such ac¬ 
curacy, however, is attained only for a 
very few of the nearest nebula). 

In several dozen other nebuhe we can 
detect a few stars, but can not recognize 
their types. Nevertheless, we have 
many reasons for supposing that there 
is an upper limit of stellar luminosity 
and that this limit, about 60,000 times 
as bright as the sun, is in general at¬ 
tained and seldom surpassed in all the 
great systems of stars. Hence we may 
assume that the brightest stars in all 
nebula* are 60,000 times as bright as the 
sun and estimate their distances from 
their apparent faintness. The results 
may not be accurate individually, but 
they are reliable for statistical purposes. 

Finally, the great cluster in Virgo, a 
compact group of several hundred 
nebula*, is so near that a few stars can 
be seen in a few of its members. These 
stars indicate the distance of all the 
several hundred nebulas in the cluster. 
The twenty known clusters, moreover, 
are all similar groups, and their relative 
distances were already known. Hence 
the distance of the Virgo cluster indi¬ 
cates the distances of them all. 

In this way it has been possible to 


assemble a sample collection of several 
thousand nebula) whose distances and 
hence whose real luminosities and dimen¬ 
sions are known. An analysis of the 
sample collection indicates at once that 
the nebula) are all of the same order of 
luminosity. They average about 80 mil¬ 
lion times as bright as the sun. The 
brightest are about 10 times brighter 
than the average and the faintest are 
about 10 times fainter, but the majority 
fall within the narrow limits from a half 
to twice the average of them all. The 
mean of any considerable number, say 
100 nebula*, chosen at random will be 
closely similar to the general average. 
For statistical purposes, where large 
numbers are concerned, we may assume 
that the nebula) are equally luminous 
and that their apparent faintness indi¬ 
cates their distances. 

Distribution of Nebula 

The distribution of nebulas can there¬ 
fore be studied by counting the numbers 



SPIRAL NEBULA IN URSA MAJOR 
(M. 101) 

THE REGION OT SPACE WHICH CAN BE EXPLORED 
WITH EXISTING TELESCOPES IS A VAST SPHERE, 600 
MILLION LIGHT YEARS IN DIAMETER, THROUGHOUT 
WHICH 100 MILLION NEBULAS ARE SCATTERED. 

(Taken at Mt. Wilson Observatory.) 









FROM COUNTS MADE BY Dr. HUBBLE ON PHOTOGRAPHS DISTRIBUTED AT INTERVALS OVER THE WHOLE NORTHERN SKY. THE HORIZONTAL LINE IS THE 
PLANE OF THE GALAXY, AND THE FIGURES GIVE GALACTIC LONGITUDE. IT SHOULD BE NOTED THAT SPIRALS AVOID THE REGION OF THE GALAXY. 
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of nebulae to successive limits of appar¬ 
ent faintness. The results represent 
numbers of nebulae in spheres of succes¬ 
sively greater radii, and the differences 
give the numbers of nebulae in successive 
spherical shells. In this way the num¬ 
bers of nebulae per unit volume, i.e. 9 the 
density distribution of nebulae, has been 
explored throughout the observable re¬ 
gion. To a first approximation the 
density distribution is uniform. Each 
volume of space, represented by a sphere 
with a radius of 10 million light years, 
contains on the average about 2,500 
nebulae. Each nebula* is about 80 mil¬ 
lion times as bright as the sun and per¬ 
haps 800 million times as massive. On 
the average, the nebula* are about one 
and a half million light years apart. 

The uniform distribution of nebulae 
means that, on the grand scale, the den¬ 
sity of matter in space is uniform and 
we can calculate the density. There is, 
on the average, one nebula, 800 million 
times as massive as the sun, for every 
billion billion cubic light years or roughly 
one sun per billion or thousand million 
cubic light years. In ordinary units this 
is equivalent to one gram per 10 30 cubic 
centimeters, and may be visualized as 
corresponding to a grain of sand in each 
volume of space equal to the volume of 
the earth. The nebula* are scattered 
very thinly, and space is mostly empty. 

In this calculation we consider only 
the matter concentrated in nebula*. 
There is doubtless matter scattered be¬ 
tween the nebula* which has been ig¬ 
nored. How much, we do not know; we 
can only say that there is not sufficient 
to be detected—not enough to appre¬ 
ciably dim the most distant nebula* that 
can be observed. 

Velocity-Distance Relation 

The second characteristic of the Ob¬ 
servable Region, the velocity-distance re¬ 
lation, introduces the subject of spec¬ 
trum analysis. When a light source is 
viewed through a glass prism, the vari¬ 


ous colors of which the light is composed 
are spread out into an ordered sequence, 
represented, for instance, in the rainbow. 
The sequence never varies, each color has 
its place. Different colors represent 
light of different wave-lengths. From 
the short waves of violet light, the waves 
lengthen steadily through the spectrum 
to the long waves of the red at the other 
end. 

Three kinds of spectra are generally 
distinguished. An incandescent solid, 
e.g., electric light filament, radiates all 
possible colors or wave-lengths; hence its 
spectrum is continuous from violet to 
red. 

An incandescent gas, e.g., a neon tube, 
radiates only a few isolated colors, hence 
its spectrum consists of isolated bright 
spots or lines distributed in a certain 
pattern. This is called an emission spec¬ 
trum. The pattern of bright lines is 
characteristic of the particular gas in¬ 
volved, and unknown gases are very 
readily identified from their spectra 
alone. 

Finally, there are absorption spectra. 
When an incandescent solid, giving, of 
course, a continuous spectrum, is sur¬ 
rounded by a cooler gas, e.g., a star sur¬ 
rounded by an atmosphere, the gas ab¬ 
sorbs just those colors which it would 
radiate if itself incandescent. This ab¬ 
sorption produces dark spaces or lines 
in the otherwise continuous spectrum of 
the background. The patterns of these 
dark lines identify the gases in the at¬ 
mospheres of the stars. 

The study of absorption spectra is the 
dominating feature of modern astron¬ 
omy. They furnish an astonishing 
amount of information concerning the 
physical condition of stars and even of 
planets and of nebulae. Either directly 
or indirectly they indicate surface tem¬ 
peratures of stars, surface luminosities, 
total luminosities, distances, velocities 
in the line of sight. 

The significance of spectra may be in¬ 
dicated by a . homely demonstration. 
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ONE OF THE MOST BEAUTIFUL OF THE 
SPIRAL NEBULA (M. 81 IN URSA 
MAJOR) 

Its light takes 1,600,000 years to reach us. 
The central region is unresolved but in the 
outer portions swarms of stars are visible. 
These ark similar to the very bright stars 
in our own Galactic System. (Taken at 
Mt. Wilson Observatory.) 

From Mt. Wilson the lights of some sixty 
cities and towns are visible, spread over 
the valley below. A direct photograph 
with a camera shows swarms of lights 
similar to a field of stars, but tells noth¬ 
ing as to the nature of the lights. When 
a glass prism is placed in front of the 
camera lens, each light is spread out into 
a spectrum. Then the differences ap¬ 
pear. The filament lamps show continu¬ 
ous spectra, are lights show the emission 
spectra of carbon vapor, neon signs show 
two or three isolated colors. In the same 
way a direct photograph of the sky 
shows a field of stars. Except for their 
different luminosities the stars all ap¬ 
pear alike. A photograph of the same 
field, with a prism in front of. the lens, 
shows each star drawn out into its spec¬ 


trum, and differences in the nature of 
the light are at once apparent. 

Yellow stars like the sun show the ab¬ 
sorption of hydrogen and of iron vapor 
in their atmospheres and, near the violet 
end, a pair of strong dark lines due to 
calcium absorption. These latter, the H 
and K lines of calcium, are the most 
conspicuous feature of the spectra and 
are unmistakable wherever they are 
found. On the same scale, the spectra of 
nebulas resemble those of yellow stars. 
The H and K lines are readily recog¬ 
nized, and certain hydrogen and iron 
lines as well. 

The spectra of nebula*, however, ex¬ 
hibit a peculiar characteristic in that the 
details—the dark lines—are not in their 
usual positions. The lines are all dis* 
placed toward the red end of the spec¬ 
trum and the displacements increase 
with the faintness of the nebulre ob¬ 
served. The observations are summed 
up in the statement—the fainter the 
nebula, the larger the red-shift. 

Now apparent faintness of nebula* is 
confidently interpreted in terms of dis¬ 
tance ; lienee we can restate the observa¬ 
tional results in the form—red-shifts in¬ 
crease with distance. Precise investiga¬ 
tions indicate that the relation is linear 
—red-shifts are equal to distances times 
a certain constant. 

The relation was first established about 
five years ago among the brighter nearer 
nebula* for which Dr. Slipher, of the 
Lowell Observatory, had assembled his 
collection of spectra representing the 
pioneer work in the field. Since then the 
list of spectra has been more than trebled 
by Mr. Humason, using the large re¬ 
flectors on Mt. Wilson. With the 150 
red-shifts now available, the distance re¬ 
lation has been confirmed and extended 
to the limit at which spectra can be re¬ 
corded with existing instruments. Out 
to 150 million light years, the rednshifts 
increase at a uniform rate. 

The significance of this strange char¬ 
acteristic of our sample of the universe 
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depends upon the interpretation of red- 
shifts. The phenomena may be described 
in several equivalent ways—the light is 
redder, the light waves are longer, the 
vibrations are slower (the pitch is 
lower), the light quanta have lost 
energy. 

Many ways of producing such effects 
are known, but of them all only one will 
produce large red-shifts without intro¬ 
ducing other effects which should be 
conspicuous but actually are not found. 
This one known permissible explanation 
interprets red shifts as due to actual 
motion away from the observer. Rapid 
motion of recession drags out the light 
waves and, as it were, lowers the pitch. 
Red-shifts, we can say, are due either to 
actual motion or to some hitherto un¬ 
recognized principle of physics. Theo¬ 
retical investigators almost universally 
accept the red-shifts as indicating motion 
recession of the nebula, and they are 
fully justified in their position until evi¬ 
dence to the contrary is forthcoming. 

On this interpretation the nebula are 
rushing away from us, and the farther 
away they are, the faster they are travel¬ 
ing. The velocities increase by roughly 
100 miles per second for each million 
light light years of distance. The present 
distribution of nebula can be represented 
on the assumption that they were once 
jammed together in our particular re¬ 
gion of space, and at a particular instant, 
about 2,000 million years ago, they 
started rushing away in all directions at 
various velocities. The slower nebula, 
on this assumption, are still in our neigh¬ 
borhood, but the faster nebula are now 
far away. The faster they are traveling 
the farther they have gone. The time 
scale seems suspiciously short—a small 
fraction of the estimated age of some 
stars—and the appare^|4jJS|crepancy 
suggests the advisability 6r mrther dis¬ 
cussion of the interpretation of red-shifts 
as evidence of motion. 

The largest red-shift actually recorded 
represents a velocity of about 15,000 


miles per second at a distance of roughly 
150 million light years. But nebulae can 
be photographed out to distances twice 
or thrice the distances to which their 
spectra can be recorded. Hence, if the 
observed relation holds to the very 
frontiers of the observable region, we 
should encounter red-shifts correspond¬ 
ing to velocities of 30 or 40 thousand 
miles per second, say one fifth the veloc¬ 
ity of light. 

Such red-shifts are so enormous that 
we may expect appreciable indirect ef¬ 
fects on colors and apparent luminosities. 
These effects are now under investiga¬ 
tion. The field is new, but it offers very 
definite prospects not only of testing the 
form of the velocity-distance relation be¬ 
yond the reach of the spectrograph, but 
even of critically testing the interpreta¬ 
tion of red-shifts as actual motion. 
With this possibility in view, the cau¬ 
tious observer refrains from committing 
himself to the present interpretation and 
employs the colorless term “apparent 
velocity. ’ ’ 

The Observable Region as a 
Sample op the Universe 

Now, in conclusion, let us see what 
sort, of information concerning the uni¬ 
verse may be inferred from the observed 
characteristics of the sample. The 
sample is homogeneous and isotropic 
and the nebulas appear to be rushing 
away from our particular position. 
These meager data, together with the 
general laws of nature, are all we have 
to guide us. 

Mathematics deals with possible worlds, 
i.e., logically consistent systems. Science 
attempts to determine the actual world 
in which we live. So, in cosmology, 
mathematics presents us with an infinite 
array of possible universes. The ex¬ 
plorations of science are eliminating 
type after type, class after class, and 
already the residue has dwindled to 
more or less comprehensible dimensions. 

Considerations of the laws of nature 
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WIDENED LOW-DISPEB8ION SPECTRA 

WITH DIRECT PHOTOGRAPHS OP DISTANT EXTRA-GALACTIC NEBULAS SHOWING LARGE RED SHIFT AND 
GIVING ESTIMATED RECESSION VELOCITIES. (TAKEN AT Mt. WILSON OBSERVATORY.) 
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DIAGRAM SHOWING RELATION BETWEEN MEASURED VELOCITY AND 
DISTANCE OF SPIRAL NEBULAS 

The velocity is measured from spectrograms taken with tiie 100-incii reflector at Mt. 
Wilson Observatory and the distance is determined from the brightness of the nebulas 

as shown on direct photographs. 


led to the theory of relativity, developed 
by the genius of Einstein and now gen¬ 
erally accepted. According to relativity, 
the large-scale geometry of space is de¬ 
termined by the contents of space. This 
dependence is expressed in Einstein’s 
famous cosmological equation and mod¬ 
ern cosmology is largely a series of at¬ 
tempts to solve the equation. It is a re¬ 
lation between symbols, and solutions 
are not possible until the symbols are 
interpreted. Observations as yet fu rnish 
only partial interpretations, and hence 
the various solutions already proposed 
incorporate a certain amount of guess¬ 
ing. 

The most reasonable speculations run 
about as follows. Since the contents of 
space is distributed uniformly, the geom¬ 


etry of space must exhibit the same uni¬ 
formity. Of all possible geometries, 
only three types fulfil this requirement 
completely. One is Euclidean geometry, 
so familiar to most of us that we ignore 
the very existence of others. Another is 
Riemanniau geometry, and this it is 
which the consensus of opinion accepts 
as the most useful for describing the 
large-scale features of the universe. 

Riemannian space with constant posi¬ 
tive curvature follows more or less di¬ 
rectly from the observed characteristics 
of our sample. This space is usually de¬ 
scribed as the three-dimensioned ana¬ 
logue of the sphere. Just as the surface 
of a sphere with its uniform positive 
curvature has a finite area but no bound¬ 
aries, so the three-dimensional analogue, 
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with its uniform positive curvature, has 
a finite volume but no boundaries. In 
other words, we live in a finite universe. 

The volume is determined by the 
radius of curvature (again like the area 
of the surface of a sphere) and the 
radius of curvature is determined by the 
amount of matter, i.e., the density of 
matter, in space. The density actually 
observed, 10 30 grams per cubic centi¬ 
meter, suggests a radius of about 3,000 
million light years and a volume of the 
order of two or three million times the 
volume of the Observable Region. Such 
a universe would contain about 500 mil¬ 
lion million nebulae. This is an instan¬ 
taneous picture, representing the situa¬ 
tion for the past 200 or 300 million 
years. 

The conception of a homogeneous uni¬ 
verse with a definite volume and definite 
contents seems moderately comfortable 
until we remember the red-shifts. The 
conception is derived from relativity, 
and relativity assumes that the universe 
will appear much the same no matter 
where the observer happens to be situ¬ 
ated. Since the nebulte appear to be 
rushing away from our particular posi¬ 
tion, they will appear to be rushing 
away from any other position in which 
an observer is located. This apparent 
anomaly is explained on the theory that 
the universe is expanding, The radius 
of curvature is a function of the time 
and is now increasing. The volume is 
increasing and the density is diminish¬ 
ing. The conventional analogy in two 
dimensions is again with the surface of a 
sphere, say a rubber balloon which is 
being inflated. From each point on the 
surface, all other points are retreating 
and, within certain limits, the farther 
away they are, the faster they recede. 

The expanding universe, with its 
momentary dimensions as previously de¬ 
scribed, is the latest widely accepted 


development in cosmology. Various re¬ 
finements as to the nature of the expan¬ 
sion have been discussed at length, but 
always with the aid of additional as¬ 
sumptions concerning the validity of 
which there is no consensus of opinion. 
Even the present position depends abso¬ 
lutely upon the interpretation of red- 
shifts as Doppler effects representing 
actual motions. 

Further radical advances in cosmol¬ 
ogy will probably await the accumula¬ 
tion of more observational data—the 
elimination of more types of possible 
worlds. The data will come either from 
more detailed investigations of the pres¬ 
ent Observable Region or from a sig¬ 
nificant enlargement of the region itself. 

The latter alternative will be achieved 
with the 200-inch reflector in course of 
construction for the California Institute 
of Technology, with the assistance and 
cooperation of the Carnegie Institution 
of Washington. This great telescope, in 
the hands of experienced research men 
in the two institutions, is expected to en¬ 
large the available sample of the uni¬ 
verse some ten times in a single step and 
will increase in a corresponding measure 
the chances that our sample is fair and 
significant. 

I believe the 200-inch will definitely 
answer the question of the interpreta¬ 
tion of red-shifts, whether or not they 
represent actual motions, and if they do 
represent motions—if the universe is ex¬ 
panding—the 200-inch may indicate the 
particular type of expansion. 

This prospect is the climax of the 
story. Our present information con¬ 
cerning the universe is necessarily vague. 
It is new and raw and will mature only 
with time and continued study. The 
great significant feature is that the first 
steps have actually been achieved—that 
in our generation, for the first time, the 
structure of the universe is' being in¬ 
vestigated by direct observations. 
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Although in recent years there has 
been considerable stimulation behind the 
archeological and anthropological study 
of the western Eskimos no ethnological 
and sociological investigations concern¬ 
ing the cultures of these people have 
been made since Petrof (1880) and Nel¬ 
son (1877-1890). This article, there¬ 
fore, has for its purpose the supplement¬ 
ing of any previous studies conducted 
along this line and is not intended as a 
criticism or correction of the results of 
any former ethnological investigations. 
The author has long ago recognized that 
the aboriginal peoples of western Alaska 
are rapidly becoming Americanized by 
reason of their increasing contacts with 
the white race. Hence, if much of this 
valuable information is to be preserved 
for the benefit of future generations, it 
must be done now. This dissertation is 
a part of the product of the author’s 
eight years of study and experience dur¬ 
ing an intimate contact with these 
people. As indicated by the title of this 
article the present study will be con¬ 
fined to an examination of the mortuary 
practises which have been racial customs 
among the western Eskimos and in addi¬ 
tion a few of the practises and customs 
which have an intimate bearing upon 
their mortuary rites. From the stand¬ 
point of pure ethnology and also ethno¬ 
logical archeology the burials, mortuary 
rites and memorials of the Eskimo 
people are fundamentally important to 
the broader and more general subject of 
Eskimo ethnology. 

Since the time of Nelson’s and 
Petrof’s investigations among the west¬ 


ern Eskimos great changes have taken 
place in their geographical distribution. 
The group or tribal boundaries given by 
Nelson can no longer be applied. Since 
the Americanization of Alaska began de¬ 
marcation lines separating these people 
into tribes have become indistinct. In¬ 
creased social contacts have caused inter¬ 
tribal and intervillage marriages, so 
that bloods have been pretty generally 
mixed. Where the Malmutes, Kuskok- 
wagamutes, Ikogamutes or Nunivaga- 
mutes begin or end geographically 
would be a very difficult matter to deter¬ 
mine. For the purpose of this study it 
is not necessary to make such fine dis¬ 
tinctions, since the matter at hand de¬ 
pends to a greater extent upon custom 
and language grouping. Philologically 
the western Eskimo of Alaska can be 
divided into two major groups. The 
first group involves all Eskimo people 
inhabiting the western coastal belt— 
averaging two hundred miles in width— 
from the Alaska Peninsula to Norton 
Hound. The second group begins at 
Norton Sound and involves all Eskimo 
people living in a similar coastal belt 
from Norton Sound to Point Barrow. 
Within these groups can be found dia¬ 
lectic differences which in turn could be 
used for the basis of finer distinctions, 
yet they do not affect the custom group¬ 
ing. This dialectical differentiation 
rattier than customs differentiation was 
no doubt the basis upon which Nelson 
constructed his cultural classification. 

By grouping the western Eskimos of 
Alaska according to their mortuary 
practises and customs we find that, not 
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unlike tlie linguistic grouping, two ma¬ 
jor groups prevail. The line of demar¬ 
cation between the two major mortuary 
custom groups is, for this purpose, iden¬ 
tical with that of the language groups. 
However, we must recognize that even 
this group classification does not imply 
such differences in individual or group 
characteristics as to lead the reader to 
believe that there are sharply defined 
tribes, such as are found among the 
American Indians. The death, burial, 
memorial and religious rites of these 
people are taken as the basis for group¬ 
ing them according to their mortuary 
customs. There is no doubt that these 
two major mortuary and linguistic 
groups existed long before the white 
man established contacts with the west¬ 
ern Alaska Eskimos. The line separat¬ 
ing these groups is comparatively sharp, 
while the boundaries of the groups 
given by Nelson are rather indistinct. 



western Alaska Eskimos. 1932. 



FIG. 1. GRAVE OF AN ESKIMO WOMAN 
OF KIPNAGAMUTE 

IIkrk starving dogs and marauding animals 

HAVE TORN THE GRAVE BOX OPEN AND HAVE 
MADE A GOOD MEAL OF THE CORPSE. SIGHTS 
LIKE THIS ARE COMMON IN THE COASTAL SEC¬ 
TION of Alaska between the Yukon and 
Kuskokwim Rivers. 

And it is difficult to determine where 
one group began and another stopped, 
because of the gradual merging of each 
group with its neighboring groups. In 
this discussion I will therefore refer to 
these two groups as the northern and 
southern groups of western Alaska 
Eskimos. 

In his primitive state the Eskimo de¬ 
votes his life, not to the accumulation of 
a large amount of worldly goods and the 
preparation for death, but to the propo¬ 
sition of making his existence on earth 
just as pleasant and effortless as possi¬ 
ble. Not until he arrives at death’s 
door does he expect to attain happiness. 
The Eskimo after-life is available to 
good and bad alike, for in his religion 
there is no eternal punishment for the 
wicked or evil. Closely associated with 
his primitive religion are the customs 
which he has developed in the matter of 
preparing the dying and the dead for 
proper entry into the world of happiness 
beyond. 
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Causes of Death 

The white man has found an easy way 
to account for an unaccountable death 
by laying the cause to complications. 
To the Eskimo this simple explanation 
would not suffice. There are many 
causes of death among primitive peoples. 
Some they understand because they are 
visible, but the invisible mysterious 
deaths are always attributed to the dis¬ 
pleasure of the spirits. The Eskimo 
world is full of spirits. All animate and 
inanimate things have them. There are 
spirits of the living and spirits of the 
dead. 

The causes of death may, for tin* pur¬ 
pose of this discussion, be classed as nat¬ 
ural and mysterious or visible and in¬ 
visible. The natural causes of death are 
war casualties, domestic quarrels, acci¬ 
dents, conflicts with wild beasts, suicide 
and old age. The mysterious causes of 
death are those due to sickness, insan¬ 
ity, childbirth, evil spirits and disap¬ 
pearance. 

In the cases of sudden death no pre¬ 
paratory rites could be accomplished. 
Even in cases of death from old age 
sudden demise was in ancient days ex¬ 


pected. In fact, it was a social custom 
of economic compulsion, when advanced 
years brought on the inability to con¬ 
tribute to the support of the household, 
that the life of the aged should be 
snuffed out by the knife hi the hands of 
some relative or sliamin. This custom 
was not practised at ail times. Years of 
famine and starvation were the com¬ 
pelling economic cause. Then it became 
necessary to restrict the consumption of 
foods to the able-bodied. Male children 
were also favored in this economic elimi¬ 
nation of unnecessary food consumers. 
All mortuary rites attending sudden 
death were, of necessity, conducted sub¬ 
sequent to death, i.e ., no preliminary 
preparations could be made. 

It was the mysterious causes of death 
that permitted actual preparations be¬ 
fore death. In the case of disease it was 
believed that the person afflicted had 
displeased one or more of the spirits. 
If the magic, incantations and physical 
ministrations of the shamin or witch 
doctor failed to effect a cure, then it was 
decided that the evil spirits infesting the 
sick person could not be appeased nor 
could they be forced to leave the body. 



FIG. 2. ILLUSTRATING THE METHOD OF INTERMENT ON BERING STRAIT 
The CORPSE HAS BF4KN wrapped in a walrus hide and then placed in a crude coffin made 

OF ROUGH HEWN PLANKS. BEFORE THIS GRAVE COULD BE EXPOSED IT WAS NECESSARY TO REMOVE 
A QUANTITY OF LARGE ROCKS WHICH HAD BEEN PLACED ON TOP OF THE GRAVE AS A PROTECTION 

. AGAINST PREDATORY ANIMALS. 
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FIG, 3. ABOVE GROUND BURIALS 

FOUND AT AKOOLARAK ON THE LOWER KURKOK- 

wim River. Each box contains the corpse 

OF AN ADULT WHICH HAS BEEN .TACK-KNIFED IN 
ORDER THAT IT MAY OCCUPY ^HIS SMALL SPACE. 

The boxes are made of rough hewn planks 

FASTENED TOGETHER WITH WOODEN DOWELS AND 
RAWHIDE LASHINGS. 

The patient thereupon stoically resigned 
himself to his fate and preparations 
were made for his death. Should the 
shamin experience too many failures in 
his practise of medical rites, lie was 
looked upon as a man of evil. This has 
been the cause of an early death for 
many a shamin. To-day the western 
Eskimo is treated for his ills by the 
white man’s yungchowista (doctor), yet 
after fifty years of the white man’s edu¬ 
cative efforts they have little faith in the 
white man’s medicine. I have witnessed 
them procure medicines from the white 
doctor, take this medicine directly to 
their shamin or yungchowista, who de¬ 
stroyed it or kept it for his own pur¬ 
poses, and ask their own conjurer of 
medicine to treat them for their ills. 

The physical ministrations practised 
on the sick by the shamins very often 
were, unknown to them, the actual cause 
of the patient’s death. I recall one case 
of this kind which I personally wit¬ 
nessed. In the village of Keengegan on 


Bering Strait a small boy had contracted 
pneumonia. The medicine woman of 
the village was called in to minister to 
the patient, contrary to my advice to the 
parents. After many feelings and ma¬ 
nipulations of the child’s body this 
authority on Eskimo medicine an¬ 
nounced that the child’s liver was very 
much enlarged. She then proceeded to 
reduce this enlargement by mechanical 
force, even against my vehement objec¬ 
tions. The result was a serious pulmo¬ 
nary hemorrhage, which caused death in 
a very short time. 

Lingering sickness very often resulted 
in sudden death. Among the northern 
Eskimos of western Alaska it was the 
custom to shorten life in cases of long 
sickness. This amounted to nothing less 
than deliberately killing the sick person. 
The act was usually performed by some 
close relative and was not committed 
unless the sick person was a great bur¬ 
den to the relatives. Thus we see an 
economic situation again dictating who 
shall live and who shall die. Although 
I did not witness such an act of mercy 
and economic adjustment I recall one 
case in which no doubt could remain in 
my mind that the act had been done. 
This was a case of a once famous hunter 
who had been brought to his bed of rein¬ 
deer furs suffering from the white 
man’s dreaded plague. For several 
weeks this man lived with his brother, 
growing weaker and weaker each day. 
On this occasion I came into the innie to 
bring comfort and medicine to the 
patient. His brother sat near him, 
whetting his hunting knife to a razor 
edge. Both knew the purpose of this 
preparation, yet they visited, conversed 
about many matters and even joked oc¬ 
casionally, but neither made any allu¬ 
sion to the contemplated act. On the 
following morning a cousin of the sick 
man came to me with the advice that the 
patient had died during the night. 
Upon my suggestion that I examine the 
body, consternation was plainly visible 
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on his face. This convinced me that the 
contemplated death pact had been car¬ 
ried out. But, since it was in fact an 
act of mercy and economic adjustment 
1 did not deem it advisable to pry into 
the affair any further. In truth the con¬ 
fidence of these people would thereby be 
destroyed and 1 would gain nothing 
from their tight-lipped stoicism. The 
body was then clothed in new reindeer 
skin parka, new mukluks and new seal¬ 
skin mittens, all of which had been 
made in preparation and expectation of 
this death. The coffin or box was built 
outside the innie and the body hoisted 
through the window or smoke hole in the 
top, after which it was placed in the box 
and the funeral rites begun. 

Death of the Insane: Eskimo people 
have a great fear of an insane person. 
They believe that the spirits have all for¬ 
saken him and that he just wanders 
about aimlessly. It is also believed that 
evil spirits enter the body in which the 
good spirits will no longer live. For this 
reason it is thought that the insane per¬ 
son is just the same as dead, but that the 
spirits have left his body while he was 
yet alive. Violently insane persons 
were put to death quickly, since they 
were believed to be very dangerous. 
Others less violent were tolerated until 
a more opportune time or until they had 
committed some depredation that war¬ 
ranted quick destruction. In a village 
on the Seward Peninsula a man’s 
brother-in-law had gone insane. This 
crazy person was tolerated about the 
innie and was even fed and slept in his 
brother-in-law’s dwelling. However, 
one night before the household had re¬ 
tired, this insane man became violent 
and threatened to kjli all members of 
the family after they were all asleep. 
His brother-in-law waited until the crazy 
man had fallen asleep in his bunk and 
then without the least compunction 
stabbed him to death. His body was 
then prepared for burial, but he must 
be buried without the embellishment of 


new clothing. The good spirits had left 
his body and would never return. No 
weapons, tools or implements could be 
placed in his grave, else he may run 
amuck and bring unhappiness in the 
next world. 

One day (1926) I was very much sur¬ 
prised to receive the following letter 
from a man who lived near the Eskimo 
village of Ikpick. 

Dear Garber: 

You know my brother he crazy You say 
alright I shoot him. 

Here we find a young man ready to 
carry out tribal custom long after he 
had established contact with white mis¬ 
sionaries. There can be no doubt that 
he would have destroyed his insane 
brother had I but given my sanction to 
the deed. Fortunately the next traveler 



FIG. 4. ESKIMO BURIAL 
AT THE VILLAGE OF KlNAGAMUTE ON THE LOWER 

Kuskokwim River. The coffin is placed on 

THE GROUND BETWEEN THE P08TS WHICH SUP¬ 
PORT THE PROPERTY OF THE DECEASED. NOTE 
THE MIXTURE OF PRIMITIVE WEAPONS AND TOOLS 
WITH THE MODERN ONES OF THE WHITE MAN’S 
MANUFACTURE. 
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FTO. 5. PORTION OF ESKIMO CEMETERY AT KEEN ORGAN ON BERING STRAIT 
Here we find tiie graves placed among the rocks on the mountain side. The tools, 

HUNTING GEAR, UMIAK AND KAIYAK FRAMES AND SOME TROPHIES OF THE HUNT HAVE BEEN 
STREWN ABOUT AND OVER THE BURIALS. IN THIS CEMETERY THE AUTHOR COUNTED MORE THAN 
EIGHTEEN HUNDRED VISIBLE BURIALS, WHICH ATTESTS THE STRENGTH AND SIZE ONCE ATTAINED 
BY THIS COLONY. INHUM A ’IONS WHICH HAVE DISAPPEARED FROM SIGHT BENEATH THE TUNDRA 
WOULD PROBABLY NUMBER INTO THE THOUSANDS. 


brought, word that the insane rnan had 
died a natural death during an insane 
fit. Did kef 

If a person designates before his 
death just where he wishes his body to 
rest it is considered a very sacred duty 
on the part of the relatives to see that 
the dead man’s wishes are complied 
with. Some have selected crevices in 
the mountain rocks, some designate the 
tops of peaks, some wish a particular 
plot of ground which has attracted 
them, and some choose to have their 
bodies rest in old family innies which 
are no longer used as dwellings. It is 
rattier infrequent that the Eskimo se¬ 
lects his burial spot before death. The 
usual custom is to leave the matter for 
the relatives to decide. This results in 
the body being buried in the common 
burial ground. 

Burial Rites 

Among all the western Alaska Eski¬ 
mos it is customary to remove the 
corpse from the innie on the same day 
that death occurs. If death occurs at 
night the body is removed from the 


dwelling at daybreak. In some in¬ 
stances, particularly to the south of 
Norton Sound, 1 have known the body 
to be kept until the second day after 
death before inhumation. This, how¬ 
ever, is an exception rather than the 
rule. It is only under unusual circum¬ 
stances that a corpse is kept over night. 
Such circumstances involve the making 
of the box, sending word to relatives or 
completing the new outfit of clothing for 
the corpse. The corpse is never taken 
out of the dwelling through the common 
entrance. In the case of an innie it is 
removed through the smoke hole or win¬ 
dow in the top of the structure. If the 
deceased lived in a log cabin or other 
frame structure above ground the corpse 
is taken out through the window or a 
special hole is made in the roof for the 
purpose. Death in a snow igloo presents 
another problem, since there are no win¬ 
dows in this type of dwelling. In this 
case a couple of blocks of snow are re¬ 
moved from the wall near the ground 
and the corpse taken out through the re¬ 
sulting opening. 
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Death is usually attended by relatives 
and friends, who crowd into the small 
dwelling in such numbers that there is 
little space left for the dead or dying 
person. Mourning continues until the 
body is removed from the dwelling. 
This consists in loud wailing and moan¬ 
ing on the part of the relatives, but no 
tears of sorrow are shed. The reason 
why tears are not shed as a matter of 
sorrowful mourning for the dead is a 
religious one. After an Eskimo being 
has departed this world and comes into 
the next he must, before he can enter 
into the place of everlasting happiness, 
cross a river of tears. If relatives and 
friends of the dead shed tears of sorrow 
this river of tears will be swollen to such 
an extent that the dead person’s spirit 
will be unable to cross and will wander 
about until the flood of tears subsides. 
The funeral rites of the western Eski¬ 
mos are therefore seldom attended by 
the shedding of tears of sorrow. I have 
witnessed parents bury their children 
and children bury their parents without 
the least demonstration in the way of 
tears. 

Among the western Alaska Eskimos 
to the south of Norton Sound there has 


developed a very peculiar and interest¬ 
ing custom of preparing the corpse for 
inhumation. This involves bringing the 
body into a jack-knifed position by 
drawing the knees up to the shoulders 
and placing the hands and forearms 
across the abdomen. The head is then 
forced down so that it rests upon the 
knees. In this position the corpse is 
wrapped in its death shroud, consisting 
of reindeer or sealskins and is then 
bound tightly with rawhide lashings. 
When the body has cooled and the mus¬ 
cles have hardened the lashings are re¬ 
moved and the body introduced into the 
box that has been built for it. Relatives 
are not allowed to prepare the corpse for 
burial, unless it be an extreme circum¬ 
stance that makes such action necessary. 
The box is made by the men of the vil¬ 
lage, and in case the corpse is a male the 
men of the village dress it for burial. 
Up to the time of this writing the author 
has not succeeded in his efforts to deter¬ 
mine the factors responsible for the 
development of this peculiar type of 
burial. One of several factors or even 
a combination of these factors may be 
the underlying cause. Of these religion, 
economies, social custom and supersti- 



ITG. 6. ESKIMO BURIALS AT TANUNAK ON NELSON ISLAND 
Thu graves bearing pots, kettles, buckets, pans, ladles, etc., are those or women and 

ARE NOT HARD TO DISTINGUISH FROM THE GRAVES 0F MEN, WHICH BEAR WEAPONS, HUNT¬ 
ING EQUIPMENT, TRAIL EQUIPMENT, SLEDS AND TOOLS. 






210 


THE SCIENTIFIC MONTHLY 


tious fears may be mentioned. If the 
jack-knife burial could be attributed to 
any of these factors we would yet have 
to find the reason. Underlying any 
primitive custom there is a reason for 
its development. This reason may be 
lost in antiquity, so that the Eskimo of 
to-day would know no more about it 
than the ethnologist himself. 

In the coastal section to the south of 
Norton Sound driftwood has frequently 
been so scarce that there has not been 
sufficient to provide material for the 
making of coffins. In this case the jack¬ 
knifed corpse is simply placed in a 
sitting position leaning against a stake 
placed at its back. Here the corpse is 
left to sit on the tundra, where it may 
furnish many good meals for the starv¬ 
ing dogs and predatory animals. In 
some cases I have observed these tundra 
burials entirely exposed, with the ex¬ 
ception of a few stakes driven into the 
ground around them or some of the de¬ 
ceased ’s implements scattered over 
them. Of course this arrangement af¬ 
fords no effective barrier to wolves or 
starving dogs. Even the wooden coffins 
have at times been clawed and chewed 
apart in order that savage animal hun¬ 
ger may be satisfied. Fig. 1 illustrates 
the grave of a woman which has been 
ravaged in this manner. 

North of Norton Sound we find the 
preparations of the body for burial very 
similar to those used by the Eskimos to 
the south. However, there is one great 
difference in the preparations of the 
dead for burial between these two 
groups of western Eskimos. The Eski¬ 
mos in the northern section do not jack¬ 
knife the corpse for burial. Here the 
body is dressed in new fur clothing and 
wrapped in a walrus hide or reindeer 
skin. Then it is laid at full length upon 
a rough hewn plank. This plank sup¬ 
porting the body is then carried or 
hauled to the burial grounds where it 
is deposited upon the ground—some¬ 
times a niche is formed with loose rocks 


for this purpose—with the feet to the 
east in order that the departing spirit 
may face the rising sun (Fig. 4). A 
plank is then placed on each side of the 
corpse and another over the top, thus 
forming a long rectangular box with 
open ends. In some eases these open 
ends have been fitted with end boards 
fastened in with dowels and lashings. 
In others large flat stones have been 
placed over the ends. The grave is now 
covered over with rocks to prevent 
marauding animals from getting at the 
corpse. On Bering Strait I have found 
graves made of shallow stone walls, in 
which the corpse was placed without the 
protection of a wooden coffin. In this 
case large flat rocks were placed across 
the walls as a covering or lid and then 
a mound of loose rocks built over the en¬ 
tire grave. This method of interment 
was probably developed much earlier 
than the coffin method. 

Near the village of Tanunak on Nel¬ 
son Island the author discovered two 
different types of graves, leading to the 
belief that two separate peoples had es¬ 
tablished contact at this place. Investi¬ 
gation of the matter has brought to light 
the information that a group or hunting 
party of Innuit landed on this island 
many years ago and established a colony 
here in close proximity to the Yuits, 
who were the native inhabitants of the 
island. Examination of the graves of 
these people and their contents in the 
way of implements and ornaments re¬ 
vealed a very close association or resem¬ 
blance to the Bering Strait or St. 
Lawrence Island Eskimo type of burial. 
Here was found the full length burial 
of the Seward Peninsula and Kotzebue 
Sound Eskimos closely associated with 
the jack-knife burial characteristic of 
the Nunivak and Nelson Island Eski¬ 
mos. Further investigation disclosed 
that a strange people were apparently 
lost in a storm at sea and were driven 
ashore on this island. Not knowing 
where they were or how to return to 
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their own people they established a col¬ 
ony near the present village of Tanunak. 
These people called themselves Innuit, 
which is the Eskimo term for ‘ ‘ the 
people” of Bering Strait. They could 
not converse with the native Eskimos of 
Nelson Island and consequently mingled 
but little with other peoples. Eventu¬ 
ally the colony died out, and now all 
that is visible are some of the graves 
and the old village site. 

Should an Eskimo person die while 
living in a temporary camp or summer 
colony away from the main village his 
body is not taken to the main village for 


the western coast of Alaska from south 
to north, and when we arrive as far 
north as Bering Strait or Kotzebue 
Sound we find that it is only within 
comparatively recent years that wooden 
coffins have been made for the dead. 
Even now among the northern Eskimos 
of Alaska we may find an occasional ex¬ 
posed burial, i.e burial without a cof¬ 
fin, particularly where driftwood is 
short or absent and there is nothing 
from which to make the box. 

Closely associated with their primitive 
religion the western Eskimos have devel¬ 
oped certain burial rites and definite 



FIG. 7. OLD BURIALS AT THE VILLAGE OF QUIGILLINGOK 
Compare these graves with the one illustrated in Fig. 8, which is a more recent burial 

IN THE SAME VILLAGE. 


burial. His grave is prepared right at 
the camp and often within a few feet of 
the innie or tent. For this reason the 
entire western coast of Alaska and the 
shores of the lakes and streams will 
be found dotted promiscuously with 
burials. 

The practise or custom of burying the 
dead in wooden boxes has no doubt had 
its beginning in the proximity of the 
Alaska Peninsula. A study of the 
burial customs and methods of the west¬ 
ern Alaska Eskimos reveals a gradual 
dwindling of this practise as we follow 


procedures involving the burial of the 
dead and the respective behavior of the 
living thereafter. Those living to the 
south of Norton Sound believe that the 
spirit of the male dead remains with the 
body for a period of five days. For the 
females this period is four days. Sub¬ 
sequently, the spirit leaves the body and 
wanders at will, returning to the body 
if it so desires or immediately crosses 
the river of tears into the land of happi¬ 
ness. During this five- or four-day 
period no person is allowed to do any 
work with sharp ‘edge tools, because the 
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FIG. 8. A WOMAN'S GRAVE 

IN THE VILLAGE OF QUIGILLINGOK. Tills BURIAL 
IS ESTIMATED TO BK MORE THAN ONE HUNDRED 
YEARS LATER THAN THOSE IN FlG. 7. REGARD¬ 
LESS OF THIS APPARENT DIFFERENCE, THE BURIAL 
CUSTOMS AND RITES HAVE REMAINED VIRTUALLY 
THE SAME. 

spirit of the dead person may be hover¬ 
ing close and consequently be injured. 
For a period of one day after death oc¬ 
curs none of the relatives of the de¬ 
ceased are permitted to do any work at 
all. They must just lounge around the 
innie and keep busy at doing nothing. 
To the north of Norton Sound the same 
periods of abstinence are observed, but 
there the time involved is five days for 
the male and three for the female. Al¬ 
though this period of abstinence may 
vary considerably throughout the area 
covered by this discussion it is funda¬ 
mental that the custom of observing 
them prevails among all western Alaska 
Eskimos. In some villages certain foods 
may not be eaten by the relatives of the 
dead during this period of abstinence. 
These foods in particular were those for 
which the deceased had a special fond¬ 
ness. 


Transportation of the dead must be 
accomplished after the dictates of cus¬ 
tom and taboos. On the Kuskokwim 
River a corpse can not be transported 
on the river, either by boat or by sled. 
To desecrate this custom would incur 
the wrath of the fish spirits, and as a re¬ 
sult; the fish would not come into the 
river the following season. This is a 
general taboo among all the villages to 
the south of Norton Sound. Should a 
person drown, his body must be recov¬ 
ered, else there will be no run of fish 
the next summer. With the northern 
group of Eskimos, particularly in the 
Bering Strait villages, the dead must not 
he transported to the burial ground in a 
roundabout way. The corpse must be 
taken over the shortest route possible 
between the death house and the grave. 

It has been a common custom among 
all western Eskimos to make offerings of 
food to the spirit of the dead. This is 
done immediately after the body has 
been placed in its grave. The food 
offerings consist in choice morsels of all 
foods common to the particular locality 
in which the deceased has lived. Seal 
meat, walrus meat, reindeer meat, muk- 
tuk, dried fish, clams, berries and other 
choice dishes may be offered to the spirit 
of the dead. These offerings are made 
only by the surviving relatives of the 
deceased. In some localities it is the 
practise for the relatives to carry the 
food offerings to the burial place and 
after placing generous portions on the 
grave they would assemble about the 
grave and feast with the spirit of the 
departed. 

Types op Graves 

On the lower Yukon River, about 
Norton Sound and on the lower Kus¬ 
kokwim River, it is a common thing to 
see some of the graves built above 
ground. What belief or superstition 
gave rise to this special type of grave 
will probably never be known, but was 
possibly done to protect the corpse from 
marauding animals. Inquiries made 
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among the old men, shamins and witch 
doctors of the villages fail to throw any 
light whatever upon the origin of this 
type of burial. The coffin or box is gen¬ 
erally supported by a framework of 
posts, which are notched in the top to 
support cross pieces. However, in a 
few instances I have observed the 
stumps of trees used for this purpose. 
In this case the trunk portion of the 
stump is placed in the ground and the 
roots are above ground. The roots are 
then cut down to make a tablelike struc¬ 
ture on which the coffin is placed (Fig. 
3). The coffin is made of hewn planks 
fastened together by dowels and raw- 
hide lashings. In the box with the 
corpse were placed all the small trinkets, 
extra ornaments, tools and weapons of 
the deceased. In the case of a woman 
the box contained her sewing kit, skin¬ 
ning and tanning implements and any 
other small articles which may have be¬ 
come a part of her household functions. 
Her beads, ear rings, bracelets and other 
ornaments adorned her body, having 
been placed there at the time of death. 
All the property of a movable nature 
belonging to men, women or children 
was placed within or upon their respec¬ 
tive graves. It is only in cases vdiere 
the deceased has been insane, an evil 
person, has died from some loathsome 
disease, is stillborn or has accumulated 
very little property that the graves are 
devoid of these objects. 

The placing of the deceased person’s 
property in and on his grave has a close 
association with the religious philosophy 
of the Eskimo. As mentioned in a for¬ 
mer paragraph, all things have spirits; 
hence, when a man dies, especially his 
hunting gear, camping equipment and 
tools must accompany him to the grave 
in order that his spirit, on entering the 
world of happiness, may be helped by 
the spirit of the rifle, harpoon, spear, 
kaiyak, umiak, sled, knives, etc. There¬ 
fore we find as illustrated in Figs. 4, 5 
and 6 all the movable property of the 



FIG. 9. MEMORIAL FIGURE 

PLACED OVER A WOMAN '8 GRAVE AT THE VILLAGE 

of Kinagamute. Nelson heard about these 

MEMORIALS at THE TIME OF HIS ETHNOLOGICAL 
WORK AMONG THE WESTERN ESKIMOS BUT NEVER 
HAD THE OPPORTUNITY TO INVESTIGATE AND EX¬ 
AMINE THEM. 

deceased placed upon his grave. In some 
cases I have found small objects, such 
as stone knife blades, adze blades, spear 
and harpoon points and much ivory 
buried beneath the coffin. Some are 
placed within the box, while some, espe¬ 
cially the larger objects, are strewn 
about over the top of the grave. This is 
the custom with the Eskimos north of 
Norton Sound. The Eskimos south of 
Norton Sound place the coffin on the 
ground and on each side of it set a post 
in the ground. In some cases only a sin¬ 
gle post is used. Upon these posts are 
fastened the various items belonging to 
the deceased. 

Near the village of Quigillingok at the 
mouth of the Kuskokwim River are 
found two different types of burials. 
The difference ip these burials does not 
imply a change in custom between the 
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FIG. 10. GROUP OF ESKIMO GRAVES AT KINAGAMUTE 

ON THE LOWER KUSKOKWIM RlVER. TllKSK ARE MEMORIAL FIGURES CARVED BY RELATIVES OF THE 

DECEASED. 


times of’ the two interments. It portrays tomary manner. Making the box from 

a change in the economic factors con- the white man’s cut lumber has proven 

trolling burials at these two times (Figs, to be both a labor-saving and time-sav- 

7 and 8). The graves made of rough ing proposition and yet effects the in¬ 
logs represent burials which are esti- humation in strict accord with customs 

mated to be more than a hundred years which have prevailed for many genera- 

older than the other in which the white tions. Fig. 7 illustrates a grave in 

man’s cut lumber has been used. In which the coffin is made of logs split in 

both burials the corpse has been jack- half and mortised at the corners. The 

knifed before interment and the prop- flat sides of these hewn slabs form the 

erty of the deceased has been placed inner surfaces of the box. 
within and upon the graves in the eus- At the village of Kinagamute on the 



FIG. 11. MEMORIAL FIGURES ERECTED OVER NATIVE GRAVES AT THE 
VILLAGE OF NUNAOHAGAMUTE 
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lower Kuskokwim River we find a pecu¬ 
liar and most interesting type of burial. 
At no other place among the Western 
Eskimos of Alaska do we find memorial 
grave markers such as these. Two posts 
are set at the head of the grave about 
three feet apart and extending to a 
height of six feet above the ground. 
Beginning about thirty inches from the 
ground the two posts are boarded up to 
within one foot of the tie beam which 
joins the posts across the top. At the 
top of the boarded section there extends 


Eighteenth Report of the Bureau of 
Ethnology in which he states, “I was in¬ 
formed that the graveyards of the vil¬ 
lages on the Kuskokwim, below Kol- 
makof Redoubt, are full of remarkable 
images of carved wood. One was de¬ 
scribed to me as being roofed with 
wooden slabs and consisted of a life-size 
figure, with round face, narrow slits for 
eyes, and four hands like a Hindoo 
Idol” (Figs. 9 and 10). 

At Nunachagamute, a village located 
in the flat tundrous country between the 



PIG. 12. TYPICAL BURIAL OF THE ESKIMOS SOUTH OF NORTON SOUND 
The mixture or native and white man's implements marks the transition or the 
Eskimo from the primitive to the semi-civilized state. A burial or this kind represents 
a considerable economic loss to the children or the deceased. 


a roof or canopy for about two feet at 
right angle to the upper margin of the 
boarded surface. Under this canopy and 
fastened to the boarded surface is found 
a human figure. The head is carved 
from wood and is made in an oval shape 
with ivory or bone insets for eyes and 
mouth. The hands are also of wood and 
frequently hold some object, such as a 
spoon, knife, sewing kit, etc. The torso 
is covered by fur or cloth garments, 
adorned with pendants, buttons, etc. 
This is, in all probability, the type of 
burial mentioned by Nelson in the 


Yukon and Kuskokwim Rivers, will be 
found burials very similar to that de¬ 
scribed in the preceding paragraph. In 
these burials not all the figures are 
mounted on the canopied frame (Fig. 
11). The two figures with outstretched- 
arms have their base or support in the 
ground. The figure at the right is 
adorned with a bead necklace, supports 
in one hand an ivory snow knife and in 
the other hand a modern kitchen knife. 
These wooden figures are not intended 
to portray the physiognomy of the de¬ 
ceased person.* They are made as me- 
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FIG. 13. TYPICAL BURIAL OF THE WESTERN ESKIMO NORTH OF NORTON 

SOUND 

This is the grave of a famous i untkr. His sepulcher is strewn with trophies of the 

HUNT AND ALL HIS PROPERTY. 


morials to the dead and have the same 
purport as one of the white man’s tomb¬ 
stones. The carving is done by relatives 
of the dead. It- is not always done im¬ 
mediately after death, but may be done 
at any time. One instance has come to 
my attention in which one figure was 
carved by the husband of a deceased 
woman. This figure was mounted over 
the grave shortly after inhumation. 
About fifteen years later the little son 
of this man and wife had grown up and 
desired to erect a memorial to his 
mother. He therefore carved his own 
memorial figure and placed it upon his 
mother’s grave along with that of his 
father. 

In the typical Yukon-Kuskokwim 
burial we find posts erected beside the 
grave, and on these are placed all items 
of property which belonged to the de¬ 
ceased. This typical burial is well illus¬ 
trated in Fig. 12. A mingling of Eskimo 
and white man products is visible. The 
coffin, which rests on the ground be¬ 
tween the posts, is almost covered with 
snow. It may be interesting to the 


reader to know that this grave bears 
more than four hundred dollars worth 
of guns, tools and other wares figured at 
prevailing Alaska prices. The white 
cross indicates that the man’s wife or 
daughter has come under the influence 
of the missionaries, yet this influence 
was apparently not strong enough to 
overcome the customs of past genera¬ 
tions. Perhaps the white man’s re¬ 
ligion is not right, so they think that the 
pots, kettles and pans had better be put 
on the grave to make sure that the spirit 
of the dead will not want in the next 
world. 

Let us now examine a typical grave of 
the northern group of western Eskimos 
(Fig. 13). This is the grave of a 
famous and once powerful hunter. His 
trophies adorn his sepulcher. The 
shoulder blades of two large and one 
small whale and nine polar bear skulls 
are visible to attest the prowess of this 
departed chieftain. His umiak and 
kaiyak frames are scattered over the 
grave. His hunting equipment, weapons, 
tool kit and many other items of his 
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property are found beneath the stony 
coffin. This grave is located near the 
village of Keengegan on Bering Strait. 
Surely his fame and power will continue 
with his spirit into the next world. 
There the spirits of the weapons he has 
used and the animals he has slain will 
help him to attain eternal happiness. 

Influence of Religion 
In recent years the influence of re¬ 
ligious workers among the western 
Alaska Eskimos has had a decided effect 
upon the mortuary rites and practises 
of these people. No less than eight re¬ 
ligious organizations are represented by 
missionaries among the western Eski¬ 
mos. Of these the Greek or Russian 
Orthodox church has probably had a 
longer and more lasting influence. Blit 
since the Americanization of Alaska be¬ 
gan and since the Russian church no 
longer supports a paid clergy in Alaska, 
there is a perceptible weakening of the 
Russian Orthodox influence. On the 
lower Yukon and Kuskokwim Rivers 
will be found Russian Orthodox churches 
maintained by the Eskimo people and 


presided over by Eskimo priests (Figs. 
14 and 15). With the coming of the 
white man’s religion the Eskimos are 
slowly but surely being weaned away 
from their racial mortuary customs. 
Those who have succumbed to the new 
religious influence will be buried under¬ 
ground, and the cross of the Orthodox 
or Christian church will appear as their 
only grave memorial. The white man’s 
religion has not reached all the western 
Eskimos. In some of the isolated sec¬ 
tions they will be found, not only living 
in their primitive state, but practising 
the customs of their forefathers. Among 
these remaining primitive settlements of 
Eskimos the ethnologist, anthropologist 
and archeologist may still find a virgin 
field for their endeavors. 

Group Burials 

The proposition of burying a number 
of people in a common grave has never 
been adopted as a general practise or 
custom among the Eskimos. There are, 
however, in the Bering Strait region 
some cases in which this system of 
burial has been utilized. On the top of 



FIG. 14. RUSSIAN ORTHODOX CHURCH AT THE VILLAGE OF QUITHLUK 

ON THE LOWEE KUSKOKWIM BiVKR. THIS CHURCH STANDS IN A SETTLEMENT SURROUNDED BY 

missionaries or the Christian religion, yet its followers cling faithfully to the re¬ 
ligion GIVEN THEM BY THE RUSSIANS. 











FIG. 15. RUSSIAN ORTHODOX CHURCH AT RUSSIAN MISSION 

ON THE LOWER YUKON RlVKR. BUILT MANY YEARS PRIOR TO THE PURCHASE OP ALASKA BY THE 

United States, this church represents one of the most interesting relics of Russian 
days in Alaska. Russian Mission was at one time a strong Russian post situated on 
the old overland trail from 8t. Michael to Iliamna Bay. Since then the Eskimo people 
have decreased in numbers until hardly enough now remain to conduct the Orthodox 

services in the old church. 


a mountain ridge back of the village of 
Keengegan I have observed (1926) sev¬ 
eral large rock mounds which were ap¬ 
proximately twenty feet in diameter. 
The rocks in these mounds were rather 
uniform in size, none of them being 
larger than one man could carry. This 
fact led me to some speculation as to the 
contents of the mound and how it may 
have originated. Believing that there 
may be some special type of burial hid¬ 
den beneath these piles of rock 1 decided 
to investigate them thoroughly. The re¬ 
sults more than justified the many hours 
of labor, for in the bottom of the first 
mound excavated were found five skele¬ 
tons. Now before disturbing these re¬ 
mains a peculiar situation was observed 
regarding the burial. The bodies had 
been placed in the grave, not in parallel 
arrangement, as one would suspect, but 
in a haphazard pile. Examination of 
the skeletal remains disclosed the fact 


that they were warrior dead. In two of 
them flint arrow points were wedged be¬ 
tween the rib bones and in another the 
skull had been punctured by a bullet 
which yet remained within the cranium. 
From this grave much war material was 
collected for further study. Later it 
was learned from the old men of the 
nearby village that these rock mounds 
contained the bodies of enemy warriors 
who had been killed in battle. This, no 
doubt, accounts for the disrespect ac¬ 
corded them by burying them in a hap¬ 
hazard heap. This is the only deliberate 
group burial which I have been able to 
locate in all the Eskimo burials which it 
has been my privilege to examine. How¬ 
ever, I am informed by the Eskimo 
people that such burials also exist at 
East Cape, Siberia, and on Diomede and 
King Islands. 

There is another type of group burial 
which may be classed as an involuntary 
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group inhumation. These may also be 
called epidemic group burials. The 
Eskimo population of Alaska has suf¬ 
fered much, on account of famines, epi¬ 
demics of smallpox, measles, influenza 
and other contagious diseases, until at 
the present time the actual Eskimo pop¬ 
ulation of Alaska is only about one 
fourth the population of pre-Russian 
days. Epidemics caused deaths by the 
wholesale. Whole families and even en¬ 
tire colonies were wiped out. Many 
times families were trapped in their 
innies by these epidemics and there they 
perished. Fig. 16 shows the site of an 
Eskimo village near Cape Prince of 
Wales. This village of more than sixty 
people was entirely wiped out by the 
influenza epidemic of 1918. When death 
came no friends or relatives remained to 
care for the bodies of the dead. Their 
underground dwelling or innie became 
their grave. As years pass by these 
innies decay, the sod roof falls in, and 
an effectual underground group inhu¬ 
mation is produced. 


Archeological Importance 
The archeologist will find Eskimo 
burials equally as important as village 
ruins. While village sites and remains 
will be visible for a much longer time, 
the Eskimo grave contains a much 
greater store of archeological and cul¬ 
tural treasures. By reason of the fact 
that Eskimo burials of the past were 
surface burials their disintegration takes 
place very rapidly. Soon the tundra 
vegetation has covered them entirely, so 
that they may be virtually lost for all 
time. Occasionally these old burials 
may be identified by small mounds. 
Sometimes small pieces of hand-worked 
wood may be found on the surface, indi¬ 
cating that burials may be found near¬ 
by. The burials and village sites which 
fall within the memories of the present 
generation of Eskimos are of little value 
to the archeologist, who is interested in 
ancient cultures. But, to the ethnologi¬ 
cal archeologist these burials, even 
though they are no more than one hun¬ 
dred years old, hold a vast store of ma- 



FIG. 16. POOLUZOK, AN ESKIMO VILLAGE ON BERING STRAIT 
This colony, which numbered more than sixty people, was entirely wiped out by the 

INFLUENZA EPIDEMIC OF 1918. WHOLE FAMILIES ARK BURIED WITHIN THEIR INNIES, WHICH HAVE 

CAVED IN BY DECAY. 
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terials and valuable information. The 
author has frequently discovered such 
old and forgotten sites through the 
legends and stories of the Eskimo 
people. Had we some means of discov¬ 
ering burials and village sites of a thou¬ 
sand years ago, yes, two thousand years 
ago, then our cultural determination of 
Eskimo sources and racial history would 
be greatly facilitated. 

Eskimo burials and ruins which lie 
within the frequented lanes of travel are 
now being stripped of their arclieologi- 
cal specimens by curio seekers, who do 
not appreciate the value of sequence and 
association in the collection of this valu¬ 
able material. True, much of it reaches 
our museums, but even there its status 
can be nothing more than an Eskimo 
curio collection. Eskimos are thereby 
encouraged to make these excavations 
and sell the specimens which they find to 
the traveling public. Fortunately, their 
superstitious fears of the shades of the 


dead keep them from destroying their 
burials, and they feel that the white man 
who will face the wrath of the spirits to 
acquire curios from the graves is indeed 
a brave man. Of course, the ethnologist 
may draw many inferences from a col¬ 
lection of Eskimo curios which would 
supply him with indirect evidence con¬ 
cerning tiie manufacture and use of the 
various instruments and may even infer 
certain things to be true about the 
people who made and used them. So 
many erroneous conclusions have been 
drawn from such miscellaneous collec¬ 
tions that I have come to favor direct 
evidence and information as the only 
reliable method of determining the facts 
about native peoples who are still exist¬ 
ing. One year of life in intimate con¬ 
tact with a primitive people is worth 
more than ten years of perusing a con¬ 
glomerate collection of curios, in so far 
as accurate ethnological data are con¬ 
cerned. 



THE EXPLORATION OF THE FREE 
ATMOSPHERE 

By LOUIS P. HARRISON 

U. 8. WEATHER BUREAU 

The first and almost unheralded as- that it must be regarded as a fluid hav- 


eent ot Professor Auguste Piccard m a 
balloon to a height of about 15,780 
meters (51,770 ft.) on May 27, 1931, 
broke upon an astonished world and 
brought to the attention of the public 
the mysterious stratosphere. Since that 
time not less than five similar ascents 
have been made, with new and greater 
ones projected for the future. While 
the results of these aerial voyages high 
into the atmosphere disclosed much that 
was new, especially for the student of 
cosmic rays, the major results ascer¬ 
tained had long been known to the 
meteorologist, thanks to the means 
evolved more than a quarter of a cen¬ 
tury ago. It is therefore well to indicate 
at this time the early history and devel¬ 
opment of the principal methods hith¬ 
erto employed for the exploration of the 
free atmosphere, the more important 
facts regarding our airy medium which 
these methods revealed and finally the 
prospects for new advances which the 
future holds in store for the science of 
meteorology. 

Early History and Development 
The first really important advance in 
the study of the upper atmosphere waa 
the result of the famous experiment con¬ 
ducted on September 19, 1648, by 
Pascal’s brother-in-law, Perier, who car¬ 
ried a Torricellian tube to an elevation 
of 1,460 meters (4,790 ft.) up the Puy 
de D6me, one of the highest mountains 
in Auvergne, for it proved conclusively 
that the pressure of the atmosphere de¬ 
creases as one ascends in it, and hence 


mg weight and an upper limit. 

The next important step in this field 
was not possible until after the ther¬ 
mometer, devised originally about 1597 
by Galileo in the form of a thermoscope, 
had been brought to a form which gave 
comparable readings. This occurred dur¬ 
ing the period approximately between 
1650 and 1750, si) that following the 
middle of the seventeenth century it was 
not uncommon for expeditions led by 
scientific philosophers in various parts 
of the world to make ascents of the moun¬ 
tains for the purpose of observing the 
change of the barometer and the temper¬ 
ature of the air with height. 

Toward the end pf the eighteenth cen¬ 
tury, especially following the publica¬ 
tion of the masterly “Essai sur Vhy - 
(jrometrie” by the Swiss geologist and 
physicist, de Saussure, in 1783, observa¬ 
tions of the relative humidity were also 
made on these expeditions, usually em¬ 
ploying for this purpose a hygrometer 
made of specially prepared hair which 
increased in length with increase in 
humidity and vice versa. 

Thus by the close of the first third of 
the nineteenth century, the mountain 
observations of such men as Bouguer, H. 
B. de Saussure, Deluc, Humboldt, the 
great traveler and naturalist, and 
others, had shown that ; the temperature 
of the air fell with height, on the aver¬ 
age, at a rate of about 1° C. per 185 
meters, (0.3° F. per 100 ft.), varying 
with season, time of day, etc. The ob¬ 
servations also showed that the moisture 
content of the air diminished with 
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height, while samples of air taken at various 
heights had shown that the concentrations of the 
other known constituents of the air were essen¬ 
tially constant. Furthermore the law in accord¬ 



ance with which barometric 
pressure must fall with height 
and also the correct means for 
measuring heights in the atmos¬ 
phere from barometer and tem¬ 
perature observations became 
known after the publication by 
Laplace of his great work, 
‘ 1 Mecanique Celeste. ’* Finally 
it was also known that winds 
generally increase with height 
and that there were ascending 
and descending currents in the 
atmosphere, partly from the 
study of clouds, which was es¬ 
pecially stimulated through the 
scientific classification thereof 
by Luke Howard in 1803. How¬ 
ever, the information we have 
just outlined formed nearly the 
entire store of enlightenment on 
the subject of the upper air 
available in the period in ques¬ 
tion, and moreover had the limi¬ 
tation that it was largely based 
on mountain observations which 
did not extend to great heights 
and were not wholly representa¬ 
tive of conditions in the free air. 

New and more potent meth¬ 
ods of investigation had in the 
meanwhile been developed, for 
on June 5, 1783, the brothers 
Montgolfier at Annonay near 
Lyon in France launched their 
first free balloon in public, 
using hot air to give the neces¬ 
sary buoyancy, while by Novem¬ 
ber 21 of that year Pilfitre de 
Rosier and the Marquis d’Ar- 
landes were carried aloft in a 
free hot-air balloon and, on De¬ 
cember 1, the physicist Charles, 
accompanied by one of the 
brothers Robert, who had con¬ 
structed the envelope, ascended 
in a hydrogen-filled balloon near 
Paris to a height of about 2,000 
feet, remaining in the air for 
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about two hours. The latter took with 
them a thermometer to measure the tem¬ 
perature of the air and a barometer to 
measure the height. A second flight 
made on the same day by Charles alone 
reached an elevation of nearly 9,000 
feet. The first scientific balloon ascent 
was made from London on November 30, 
1784, by Dr. John Jeffries, a native of 
Boston, Massachusetts, living in Eng¬ 
land. He carried with him a barom¬ 
eter, a thermometer, a hygrometer, an 
electrometer, a mariner’s compass and 
six glass-stoppered bottles filled with dis¬ 
tilled water. The bottles were emptied 
at various heights and sealed; and the 



SOUNDING BALLOON METEOROGRAPH 
or THE Fergusson pattern, used in the 
United States ; an instrument weighing 

ONLY &00 GRAMS . (0,44 LB.) AND DESIGNED TO 
GIVE’’ A RECORD OF* THE BAROMETRIC 

PRESSURE, ' !^i§irlUUTURE AND RELATIVE HUMID¬ 
ITY OF THE FREE AIR WHEN CARRIED ALOFT BY A 
SOUNDING BALLOON. Below : INSTRUMENT PROPER 
SHOWING SMOKED-ALUMINUM RECORD SHEET ON 

left. Above: Aluminum protective cover for 

INSTRUMENT. 



SIDE VIEW OF THE FRIEZ TYPE 
AERO-METEOROGRAPH 

WITH PROTECTIVE COVER REMOVED. AN INSTRU¬ 
MENT carried on Weather Bureau observa¬ 
tion AIRPLANES TO MEASURE AND RECORD THE 
TEMPERATURE, RELATIVE HUMIDITY AND BARO¬ 
METRIC PRESSURE OF THE AIR. On THE LEFT IS 
THE CYLINDRICAL DRUM WHICH ROTATES BY 
CLOCKWORK AND CARRIES A SHEET ON WHICH 
TnE THREE PENS TRACE RECORDS OF THE DESIRED 

data. Near the lowkr center is the sylphon 

ELEMENT, AN EVACUATED BOX WHOSE EXPANSION 
WITH DECREASE IN ATMOSPHERIC PRESSURE PER¬ 
MITS THE MEASUREMENT OF THE BAROMETRIC 
PRKS8 URE. Near the right center is the 
CURVED BIMETALLIC ELEMENT FOR MEASURING 
THE TEMPERATURE, AND BESIDE IT TO THE LEFT 
MAY BE SEEN SEVERAL STRANDS OF HUMAN HAIR 
WHOSE CHANGES IN LENGTH WITH MOISTURE IN 
THE AIR RECORD THE RELATIVE HUMIDITY. 

samples of air thus obtained were later 
analyzed by Cavendish. 

In 1803-4, a Belgian physicist, Rob¬ 
ertson, made three ascents from Ham¬ 
burg and St. Petersburg, the latter of 
which was made under the auspices of 
the Russian Academy with the ctoject of 
determining the change in the rate of 
evaporation of fluids, change of magnetic 
force and magnetic inclination, and the 
increase of solar heat with increase in 
elevation. After some doubt was cast on. 
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V1KW OF AIRPLANE 

READY TO MAKE A METEOROLOGICAL SOUNDING TO A HEIGHT OF 17,000 FEET. THE AKROMETEORO- 
GRAPH IS SEEN MOUNTED IN A FRAME ATTACHED TO ONE OF THE STRUTS BETWEEN TnE WINGS. 


Robertson’s results, funds placed at the 
disposal of the French Academy of 
Sciences by the French Government 
were employed upon the proposal of 
Laplace to finance further balloon as¬ 
cents. Two ascents were thus made 
from Paris, one on August 24, 1804, by 
Biot and Gay-Lussac to a height of 
13,000 feet, and the other on September 
lb, 1804, by Gay-Lussac alone to a 
height of 23,000 feet. Samples of air 
were brought down, and later analysis 
showed the same concentration of gases 
as observed at the surface, except for 
water vapor, which was less. The varia¬ 
tion of magnetic force with height was 
also studied. 

Scientific ballooning seems to have 
largely languished for a number of years 
following this; however, we may take 
notice of the two ascents made by the 
Astronomer E. S. Rush with the famous 


aeronaut Green in September, 1838, and 
September, 1839, the latter of which 
reached an altitude of about 25,900 feet. 
In 1850 there was a revival of interest 
when J. A. Bixio and J. A. Barral made 
two ascents. 

In 1852, Mr, John Welsh, of Kew 
Observatory, made a series of four as¬ 
cents under the auspices of the British 
Association for the Advancement of 
Science. The maximum altitude lie 
reached was 22,930 feet. Samples of air 
were collected, the changes of tempera¬ 
ture and humidity observed and the light 
from clouds examined for polarization. 
Welsh was the first to inclose his wet- and 
dry-bulb thermometers (psychrometer) 
in a polished metal tube through which 
air was forced by bellows, in order to 
remove the vitiating effect of the sun, car 
and observers, on exposed thermometers, 
and his careful work and discussion of 











'j#4>.t|>ireire models to be sought after in 
later years, 

In 1858 the British Association again 
took up the project of scientific balloon¬ 
ing. Various difficulties prevented prog¬ 
ress until the year 1862, when Janies 
Glaisher of Kew Observatory began his 
famous series of 28 ascents, which ex¬ 
tended to the year 1866. The objects of 
the observations made concerned pri¬ 
marily the condition of the air in regard 
to temperature and humidity, and sec¬ 
ondarily: (1) Comparison of various 
instruments for measuring humidity; 
(2) comparisons of the readings of an 
aneroid with a mercurial barometer; (3) 
examination of the electrical condition of 
the air at different heights; (4) determi- 


wmmam 


Ob the ascent made from Wolverhamp¬ 
ton, on September 5,1862, Coxwell had 
mounted the ring above the car to disen¬ 
tangle the valve-line while at an altitude 
of 29,000 feet (barometer 9.75 inohes) 
and the balloon was still ascending. 
Glaisher in the meanwhile observed that 
he could not see the hands of the watch 
nor mercury in the thermometer. Lay¬ 
ing his arm on the table he found him¬ 
self powerless to move it, and then his 
other arm became similarly affected. 
His head fell over on his left shoulder 
and soon he found himself unable to 
move his legs, back and neck. He fell 
into a state of insensibility and was 
finally aroused after several minutes by 
Coxwell, who in climbing the ring had 


nation of ozone by means of “ozone frozen his hands, and feeling himself be* 
papers”; (5) determination of variation coming senseless and noting Glaisher’s 
with height of the horizontal intensity of condition, was forced to seize the 
the earth’s magnetism; (6) comparison valve cord with his teeth and dip his 
of the solar spectrum at various heights head two or three times in order to cause 
and times of day; (7) collection of air the balloon to descend. The maximum 
at different elevations; (8) observation altitude reached was later estimated by 


of height, kind, density and thickness of 
clouds; (9) determination of rate and 
direction of different currents; (10) ob¬ 
servations on sound; (11) observations 
of solar radiation at different heights; 
(12) determination of the actinic effects 
of the sun at different elevations by 
means of Herschel’s actinometer; (13) 
observation of atmospherical phenomena 
in general. Glaisher concluded that the 
thermometers, whether or not ventilated 
in a polished tube, as Welsh had done, 
gave the same results. This was later 
proved to be due to the fact that the in¬ 
struments were carried either in the ear 


Professor Assmann of Berlin to be 
about 27,500 feet. No inconvenience fol¬ 
lowed Glaisher's insensibility. 

A series of balloon ascents in France 
by €. Flammarion, W. de Fonvielle 
and G. Tissandier, respectively, at vari¬ 
ous times during the period 1867-1875 
did not end so happily, for on the ascent 
made from Paris on April 15, 1875, by 
Tissandier, H. T. Sivel and J. E. Crocg- 
Spinelli to a height of about 28,000 feet, 
the latter two were asphyxiated due to 
the rarefied air, while Tissandier was 
unconscious about two hours and the 
balloon fell to earth four and a half 


or just beside it, and hence that the hours after the ascent. This unfortu* 
temperature and humidity readings nate occurrence caused the oessation of 
were somewhat spurious. high-altitude scientific ballooning for 

Howeveh,-valuable results were se- some years, 
cured, and one can not help but admire j It is afi Interesting commentary on the 

fortitude with which this invest!- history of scientific ballooning that a 
gator and hiB aeronaut Coxwell bore the war was the indirect cause of its ulti- 
dkaimforia of cold and “ altitude sick- mute revival. It is not often remembered 
’brought about by the high ascents, that during the Franoo-Pruasian war of 
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1870-71, when Paris was besieged by the 
Germans and it was impossible to com¬ 
municate with the outside world from 
that city by ordinary means, the French 
Government established two factories for 
the manufacture of balloons, which were 
principally used to carry despatches to 
the unbeleaguered territory of the coun¬ 
try. Thus a total of 61 balloons left 
Paris during the period from September 
23, 1870, to January 28, 1871, carrying 
about 153 people and a total of about 
2,500,000 letters, also with a number of 
carrier pigeons to provide the means for 
return communications. This led to a 
distinct recognition of the value of bal¬ 
looning for military purposes and hence 
the formation of a number of balloon 
detachments by the German army. So 
that in 1879, when Dr. Wilhelm Anger- 
stein attempted to start an organization 
for the development of aeronautics, he 
was enabled to enlist the interest of a 
number of parties, particularly officers 
of the German army, and in 1881, there 
was formed the German Society for the 
Promotion of Aerial Navigation at Ber¬ 
lin. This attracted few meteorologists at 
first, but in 1887 there was a consider¬ 
able influx of them into this organiza¬ 
tion. In June, 1888, the famous me¬ 
teorologist Von Bezold proposed that the 
society make ascents of a scientific na¬ 
ture. This was acted on forthwith, the 
first flight being made on June 23, of 
that year, using a military balloon. 

At this period the meteorologist Dr. 
Richard Assmann, who was greatly con¬ 
cerned ’with the problem of obtaining 
reliable temperature readings in the free 
air, developed his ‘ 4 aspiration psychrom- 
eter” which consisted of two thermom¬ 
eters, one wet and the other dry, en¬ 
closed in highly polished tubes side by 
side, with provision by means of a cen¬ 
trifugal suction fan at the top of the 
tubes for drawing a rapid stream of air 
past the thermometers. This was found 
to give accurate readings little influenced 


by exposure to the sun, thus permitting 
correction of the faulty results obtained 
by Glaisher. 

Little by little the society was able to 
expand its work of scientific ballooning, 
first by assistance from military authori¬ 
ties and private individuals, then by the 
Royal Academy of Sciences at Berlin 
and finally by three separate grants of 
money by the German Emperor. Special 
balloons were built for this work, and by 
December, 1894, about 43 scientific 
manned-balloon ascents had been made. 

In the meanwhile, progress had been 
made along another line in France, for 
in 1879 Brissonet and in 1881 Jobert and 
Silbermann suggested that one might re¬ 
lease small free balloons with tags at¬ 
tached, requesting the finder to commu¬ 
nicate with the releaser and thus 
determine the direction of the upper 
winds. Consideration was also given to 
the possibility of attaching light self- 
recording instruments to the balloons to 
determine the temperature of the upper 
air. 

Since such instruments were not 
available, the idea was not carried out, 
just as this limitation had blocked prog¬ 
ress when the same idea had been pre¬ 
sented in a prize problem given as long 
ago as 1809 by the Royal Society in 
Copenhagen. In 1891, Gustave Hermite 
and Georges Besangon began to work in 
this direction, and in March, 1892, they 
sent up small balloons, some of which 
carried a simple device for dropping 
cards periodically to permit the path of 
the balloon to be followed. Later that 
year they made small balloons of oiled 
paper or goldbeater’s skin and con¬ 
structed a primitive instrument consist¬ 
ing of an aneroid barometer to record 
the lowest pressure attained in the as¬ 
cent and two thermometers, one to 
record the minimum and the other the 
maximum temperatures encountered. 
The first time this instrument was used 
the balloon was beaten down by rain; 
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however, between October 4, 1892, and balloon of 113 cubic meters (3,990 cu. 
December 10, 1892, they succeeded in ft.) capacity, containing illuminating 
launching 14 balloons with simple self- gas, and released on March 21, 1893. 
recording instruments, all but one of It attained the great height of about 
which were subsequently found. The 15,000 meters (49,212 ft.) and recorded 
maximum altitude attained in these ex- a minimum temperature of about -51° 
periments was about 9,000 m. (29,527 C. (-60° F.), thus establishing the first 
ft.). important record for meteorological 



SUMMER W/NTER 

VERTICAL SECTION THROUGH THE ATMOSPHERE 

SHOWING AVERAGE TEMPERATURE CONDITIONS AT VARIOUS LATITUDES IN SUMMER AND WINTER. 

The thin curved lines, isotherms, pass through points op equal temperature. The 

HEAVY CURVED LINE, LABELED TROPOPAUSE, REPRESENTS THE BOUNDARY BETWEEN THE TROPO¬ 
SPHERE AND STRATOSPHERE. THE FIGURES ASSOCIATED WITH THE SMALL CIRCLES REPRESENT 

AVERAGE TEMPERATURES AT POUR STATIONS IN THE UNITED STATES: ELLENDALR, N. DAK., 

Drexel, Nebr., Broken Arrow, Okla., and Groesbeck, Tex. (Diagram adapted prom K. B. 

Bamanathan—see Nature (London), June 1, 1929.) 

Proceeding further, Hermite and sounding balloons (ballon-sondes), as 
Besangon had constructed for them by these baHoons were called, 
the firm of Richard Fr&res in Paris an Experiments with sounding balloons 
instrument weighing only 1.2 kg. (2.65 were quickly taken up in 1894 by work- 
lbs.) for recording the barometric pres- ers in Germany, where the following 
sure and the temperature on a drum run year, on April 27, a balloon reached a 
by clockwork. This was attached to a maximum height of about 21,800 meters 
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(71,520 ft.). The instrument used in 
this country was that constructed by Dr. 
Assmann wherein the record was fixed 
on sensitized photographic paper and 
artificial ventilation was provided for 
the thermometers by means of a suction 
fan driven by a failing weight attached 
to a long wire. 

The same idea was also carried out by 
L6on Teisserenc de Bort in France. 
However, the need for artificial ventila¬ 
tion was found to be unnecessary upon 
the development, separately by the last- 
named investigator and by the German 
meteorologist Dr. Hugo Hergesell, of a 
very light and sensitive bimetallic tem¬ 
perature element. 

The use of sounding balloons spread 
rapidly to other countries after this, for 
at a meeting of directors of meteorologi¬ 
cal services held in Paris, September, 

1895, there was organized the Interna¬ 
tional Commission for the Exploration 
of the Upper Air, which took upon itself 
the task of securing international coop¬ 
eration in this important field. 

After consultations, November 14, 

1896, was selected as the first day on 
which simultaneous ascents were to be 
made from a number of countries in 
Europe. On this day two balloons rose 
from Berlin and St. Petersburg, respec¬ 
tively, and one each from Munich, 
Strassburg, Paris and Warsaw, eight in 
all, four of which were sounding balloons 
and the remainder manned balloons. 

Elaborately equipped observatories 
for upper-air investigations were estab¬ 
lished in the latter part of the period 
which we have been discussing, particu¬ 
larly the one at Linden berg, Germany, 
and Trappes (1898) near Paris, France. 
At these places extensive programs of 
upper-air investigation were begun, and 
at Trappes, under the direction of 
Teisserenc de Bort, 258 sounding bal¬ 
loons were released between 1898 and 
1902. 

In the spring and summer of 1905, Dr. 


Hergesell made sounding-balloon ascents 
on the Mediterranean and Atlantic from 
the yacht Princess Alice, belonging to 
the Prince of Monaco. In 1906 and 
1907 Teisserenc de Bort and A. 
Lawrence Roteh, of Blue Hill Observa¬ 
tory (Massachusetts), collaborated in 
making similar ascents, a maximum 
height of 17,800 meters (58,400 ft.) 
being reached. 

For this work the following scheme 
was evolved: the instrument is carried 
up by two balloons having dimensions 
such that one balloon is insufficient to 
give the necessary ascensional force. On 
the ascent one balloon bursts, allowing 
the other to descend slowly to the sea. 
The instrument is supported above the 
water and thus prevented from sinking 
by being attached between a float and 
the remaining balloon. 

With the development which we have 
outlined, the inherent advantages of 
sounding balloons for purposes of ex¬ 
ploring to great heights in the atmos¬ 
phere became clearly evident; and open- 
basket manned-balloon flights for scien¬ 
tific purposes were gradually abandoned 
after having reached their culmination 
on July 31, 1901, in the ascent made by 
Drs. A. Berson and R. Siiring of Ger¬ 
many to a height of about 10,800 meters 
(35,430 ft.), where they became uncon¬ 
scious despite the use of oxygen. It was 
thus with the aid of the sounding bal¬ 
loon that the stratosphere was discov¬ 
ered, first attention to it being called in 
1899 by Teisserenc de Bort in a paper 
presented to the Physical Society of 
France, and again in a paper published 
by the same investigator in March, 1902, 
and independently in a paper by Dr. 
Assmann presented before the Prussian 
Academy of Sciences in Berlin on May 
1, 1902. 

Since 1899 much has been learned re¬ 
garding the structure of the upper at¬ 
mosphere, especially as a result of the 
free-air observations sponsored largely 



EXPLORATION OF THE FREE ATMOSPHERE 


229 


by the International Commission for the 
Exploration of the Upper Atmosphere 
and by various meteorological services. 
Through the work of this commission 
international cooperation has so grown 
in scope that practically every civilized 
country on the globe now participates 
each year in an intensive program of 


The first illustration shows the launch¬ 
ing of a sounding balloon at Omaha, 
Nebraska, Oct. 27, 1932. The balloon is 
made of thin rubber, with a total weight 
of 2 lbs.; its diameter is about 5 feet 
when released and its ascensional rate is 
825 feet per minute. The parachute 
seen just beneath the balloon slowly 
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made at Omaha, Nebr., 7:12-8:46 a. m., July 27, 1933. The wind velocity and direction 

WERE OBTAINED BY DETERMINING THE HORIZONTAL TRAJECTORY OF THE BALLOON AFTER OBSERVING 
IT THROUGH A THEODOLITE, AN INSTRUMENT LIKE A SURVEYOR'S TRANSIT, WHICH IS A TELESCOPE 
WITH HORIZONTAL AND VERTICAL CIRCLES FOR MEASURING ANGLES. 


upper-air soundings, covering some defi¬ 
nite prescribed period such as a month. 
The comparative study of the data so 
obtained has led to a new branch of 
meteorology, viz., the climatology of the 
upper atmosphere, some of the principal 
results of which we shall next outline. 


carries the meteorograph down to eartb 
after the balloon bursts. The maximum 
height ever reached by a sounding bal¬ 
loon is 35.9 km. (22.3 mi.). 

I* £ ' 

Structure op the Atmosphere 
If a celestial observer were to enter 
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the earth’s atmosphere, he would find it 
subdivided into relatively thin shells. 
The lowest shell, which we call the 
troposphere, he would find to be rich in 
water vapor and characterized by the 
presence of numerous ascending and de¬ 
scending currents, which give rise to the 
formation and dissipation of clouds. 
Due to the heating of the earth by the 
sun, the remarkable power of water 
vapor to absorb radiant heat and the 
thermal effects of condensation, he 
would find the kilometer layer next to 
the ground the warmest, while above 
that he would note that the temperature 
fell with height at the average rate of 
about 0.6° C. per 100 meters (0.33° F. 
per 100 ft.) over a layer about 4 km. 
(13,120 ft.) thick, and still further 
above, that the temperature fell at the 
average rate of about 0.8-0.9 0 C. per 100 
meters (0.44-0.49° F. per 100 ft.) up to 
a height in middle latitudes of about 11 
km. (36,090 ft.), which is nearly the up¬ 
per limit of the typical forms of clouds. 

At this level he would discover a sharp 
change, for the temperature, instead of 
falling with increasing altitude, would 
be observed to remain essentially con¬ 
stant for a layer up to at least 35 km. 
(114,800 ft.). This upper layer or shell, 
which we call the stratosphere, he would 
find to be poor in water vapor and char¬ 
acterized by the relative absence of 
ascending and descending currents and 
of clouds. Since in general there can be 
no considerable amount of vertical con¬ 
vection in this region, motion must be 
largely horizontal or stratified, hence the 
name “stratosphere.’’ 

Our celestial observer would note that 
the lower shell or troposphere was not of 
uniform thickness over the earth, but 
that it had a hump over the equator to 
an extent of about 11 miles, while it 
tapered off toward the poles, where it 
reached only a height of about 5 miles. 
He would also make the perhaps aston¬ 
ishing discovery that the temperature at 


the top of the troposphere or base of the 
stratosphere was considerably colder 
over the equator than over the poles, 
namely, about -85° C. (-121° F.) in 
contrast to about -45° C. (-49° F.). 
In fact , he would find that the lowest 
temperature ever observed by man in the 
atmosphere was about -92° C. (-134° 
F.) in the stratosphere over Agra, 
India. 

With regard to winds, our mythical 
visitor would find that they increase 
with height on the average until one 
reaches a level just below the base of the 
stratosphere, where the maximum oc¬ 
curs. Here, in temperate latitudes the 
winds will be found to prevail from a 
westerly direction with velocities of 
from 40 to 80 miles per hour. Over re¬ 
gions near the equator, on the contrary, 
the winds prevail from the east with 
velocities of about 25 miles per hour. 
Above the level in question the winds 
will have been observed to decrease in 
velocity within the stratosphere to 
values of about 15 to 25 miles per hour, 
while the directions will appear to have 
easterly components even over temper¬ 
ate regions. 

If our guest from afar had appeared 
at the proper time some years ago, he 
would have seen carried aloft by sound¬ 
ing balloons ingenious devices for cap¬ 
turing samples of air at high altitudes 
and returning them to earth ready for 
analysis. The chemist assigned to this 
task would, in presenting his results to 
our visitant, explain that at altitudes of 
14 km. (45,930 ft.) to which a particular 
device, for example, had ascended, the 
constituents of the air except for water 
vapor existed in essentially the same 
proportions as at sea level. If our visi¬ 
tant were to go to the laboratory of 
Teisserenc de Bort and ask him to ex¬ 
plain how his device operated, the latter 
would demonstrate by placing the ap¬ 
paratus under a bell jar and evacuating 
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the space within. He would c/baerve that 
when the pressure fell to a certain value, 
an aneroid barometer in the apparatus 
would cause an electrical contact, thus 
releasing a little weight which in falling 
would break the finely drawn-out point 
of an exhausted glass tube into which the 


maining portion of the drawn-out tube. 
The heat thus generated would melt the 
glass and seal the tube containing the 
sample of air. 

If our visitant were to go further into 
the past and make an ascent to high ele¬ 
vations, in company with our balloonist 



IDEALIZED CYCLONE 

ACCORDING TO BJERKNES OF NORWAY. MIDDLE VIEW REPRESENTS HORIZONTAL SECTION THROUGH 
THE CYCLONE NEAR THE SURFACE OF THE EARTH. ARROWS INDICATE MOTION OF AIR PARTICLES 
WITH RESPECT TO THE CYCLONE. LOWER VIEW REPRESENTS VERTICAL SECTION THROUGH THE CY¬ 
CLONE. Cross hatching represents clouds; vertical hatching, precipitation. Upper 

VIEW REPRESENTS VERTICAL SECTION THROUGH THE CYCLONE AFTER THE “COLD FRONT” HAS 
CAUGHT UP WITH THE “WARM FRONT“ AND LIFTED THE WARM AIR UP, THUS CAUSING PRECIPI¬ 
TATION. 


air would rush. Upon further decreas- Glaisher, he would have observed that 
ing the pressure, the barometer would the sky became bluer as he rose and 
cause another electrical contact to be finally became a deep Prussian blue 
made and hence close a circuit contain- when an elevation of 6 miles was 
ing an electrical battery and a wire of reached. At this elevation no, ordinary 
high resistance wound around, the re- sounds would reach his ear. 
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*We shall now leave our visitor from 
afar and look briefly at some of the 
problems which still confront the me¬ 
teorologist specializing in the study of 
the upper atmosphere. 

Problems of the Upper 
Atmosphere 

The first and foremost problem con¬ 
cerns the elucidation of the vertical and 
horizontal structure of the cyclones and 
anticyclones of the lower atmosphere 
which go to make up our daily weather. 
For this purpose in years gone by, me¬ 
teorological services made use of box 
kites to elevate instruments, called 
meteorographs, which automatically re¬ 
corded the barometric pressure, the 
temperature and the relative humidity 
of the air. While this method gave valu¬ 
able results it had the limitations that 
kites could not be flown in light winds, 
elevations exceeding 3,500 meters 
(11,480 ft.) were not often secured, and 
much time was consumed in the actual 
flying of the kites. This method has 
therefore been superseded by that in 
which airplanes 1 carry the meteorograph 
rapidly to elevations of 5,000 meters 
(16,400 ft.) or over and return within 
1£ hours. The results thus obtained are 
telegraphed to the various meteorologi¬ 
cal centers for use in daily forecast 
work. 

To obtain information for this purpose 
up to higher levels, other methods are 
necessary. With this problem before 
them, ingenious meteorologists and in¬ 
strument makers of various countries, 
notably Moltchanoff of Russia, Duckert 
of Germany and others, have developed 
radio sounding-balloon meteorographs, 
weighing only about 3 pounds, which 
periodically send signals back to earth 
depicting the pressure and temperature 
conditions traversed during the ascent. 

1 Beginning on July 1, 1934, the United 
States will have a total of 24 airplane weather 
stations by cooperation between the Weather 
Bureau, Army and Navy, 


These instruments were used during the 
International Polar Year from August, 
1932, to August, 1933, at a number of 
stations in Polar regions. 

The principle of radio direction find¬ 
ing has also been applied to balloons, 
using a base line of two receiving sta¬ 
tions to determine the direction and 
velocity of the winds in the free air 
shown by the horizontal trajectory of 
the balloon as it is carried bodily along 
by the streams of air. If the two types 
of radio instruments mentioned can be 
combined into one instrument of com¬ 
pact and inexpensive design, a long step 
will have been made toward the desired 
goal. 

Since finances play an important role 
in determining the extent of meteorolog¬ 
ical investigations, Jaumotte of Belgium 
has designed an inexpensive sounding 
balloon meteorograph weighing only 30 
grams. No clock is used in this instru¬ 
ment, and the record is made on a piece 
of smoked mica the size of a postage 
stamp. This is projected optically on a 
screen to give high magnification and 
accuracy. 

Of late years the plan has developed 
of releasing sounding balloons at inter¬ 
vals of 2 or 3 hours at a network of 
stations and thus reconstructing vertical 
cross-sections of the cyclones and anti¬ 
cyclones passing over the network. This 
has led to modification of many of the 
ideas held by meteorologists years ago. 
It has been of especial benefit in the 
study of weather from the view-point of 
the Norwegian or Polar Front Theory of 
the cyclone which holds that the cyclone 
develops as a result of the interaction of 
two streams of air, one cold and rela¬ 
tively dry of polar origin, and the other 
warm and relatively moist of tropical 
origin. Observations show that the cold 
air ordinarily moves as a mass with its 
boundary edges inclined to the ground 
at a small angle. These boundaries form 
discontinuities or sharp changes in tem¬ 
perature, and their intersections with 
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accordinq to Bjerknes and Palm£n (Beitrage zur Physik der freien Atmosphare, Band 
xxi, Heft 1, Leipzig, 1933). Thin curved lines represent isotherms. Upper heavy line 
represents the tropopause. Heavy sloping line on the left represents the upper 
boundary of the wedge of cold air following the "cold front" (KF). Heavy sloping 

LINE ON THE RIGHT REPRESENTS THE UPPER BOUNDARY OF THE WEDGE OF COLD AIR PRECEDING THE 

"warm front" (WF). Vertical lines represent the positions of the 19 sounding bal¬ 
loon ASCENTS WITH RESPECT TO THE CYCLONE. 


the ground are known either as “cold 
fronts ’ ’ or “ warm fronts. ’ ’ The raising 
(and hence cooling) of warm moist air 
up the slope of the cold air is believed to 
be a principal cause of precipitation. 

A problem which has not yet been 
solved is the relation of the stratosphere 
to the cyclones and anticyclones of lower 
levels. The evidence now appears to 
point to horizontal mass movement, or 
advection north and south, of layers of 
air comprising not only the troposphere 
but also part of the stratosphere as pri¬ 
mary factors in the development of the 
daily weather situations. 

Further developments lie in the direc¬ 
tion of exploring the higher reaches of 
the stratosphere, which to date has only 
been probed to a height of 35.9 km. 
(22.3 miles) in the sounding balloon 
ascent made at Hamburg, Germany, on 
September 8, 1930. Possibilities toward 
the attainment of this end may be found 
by applying heat artificially to the rub¬ 
ber envelopes of the balloons and to the 
hydrogen gas. However, it seems more 
probable that the solution may be found 
in the employment of rockets shot up to 
high altitudes. The projectiles fired by 
the Big Berthas which bombarded Paris 


from a distance of 75 miles reached alti¬ 
tudes of about 24 miles, so that these 
weapons of war may be turned to the 
purposes of peace and the advancement 
of science, if used to capture samples of 
air and perform other tasks of value. 

The layer of ozone which spectroscopic 
observations indicate must exist in the 
layer between 35 and 60 2 km provides a 
field for further investigation. Its im¬ 
portance biologically can not be under¬ 
estimated, since the solar rays which 
strike the atmosphere and are absorbed 
by the ozone would become lethal if the 
ozone were to disappear. This absorp¬ 
tion of radiant energy by the ozone is 
believed to bring the temperature of this 
layer to values perhaps 50° C., or more, 
higher than those experienced on the 
earth during a summer day. The theo¬ 
retical evidence for this is supported by 
the study of the velocity of sound in the 

2 These figures for the height of the ozone 
layer were believed to be true until quite re¬ 
cently. Authorities are now coming to the view 
that about half of all the ozone in the atmos¬ 
phere exists below a height of 24 km., and 
that the maximum concentration occurs at a 
height of about 30 km. It is now also believed 
that nearly 10 per cent, of the ozone lies be¬ 
tween sea level and a height of 8 km. 
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upper atmosphere following explosions 
at the surface. In this manner also is 
explained the zones of abnormal audibil¬ 
ity noted so frequently during the world 
war. 

From the drift of meteor trails in the 
upper atmosphere it has been possible to 
compute the direction and velocity of 
the winds at high levels. Many curious 
phenomena in this connection still re¬ 
quire physical explanations. The heights 
at which meteors become visible are also 
employed as a means of estimating the 
density of the upper atmosphere and 
hence the pressure and temperature of 
the air at levels inaccessible to the sound¬ 
ing balloon. In this way temperatures 
of from 75° to 125° C. have been esti¬ 
mated at altitudes as high as 160 km. 

Though the stratosphere is usually 
free from clouds, two kinds are occasion¬ 
ally observed there, and then only at 
night near the horizon toward the sun 
just before sunrise or just after sunset. 
Both of these types exist far above the 
height of the highest clouds found in the 
troposphere. The first type, the nacreous 
or mother-of-pearl cloud, is found at an 
altitude of about 25 km., and the second 
type, the noetilucent cloud, is found at 
an altitude of about 82 km. Both are 
generally visible only when the sun is 
below the horizon and illuminates their 
lower surface. The lower of these clouds 
are iridescent, as their name implies, and 
are believed to be formed of supercooled 
water droplets. The upper of these 
clouds are silvery or bluish-white in 
color, and may be formed of matter 
ejected from volcanoes or even possibly 
supercooled water droplets. The nature 
and origin of these clouds therefore re¬ 
quire elucidation. 

For a number of years meteorologists 
believed that in the upper atmosphere 
the heavier gases, such as nitrogen and 
oxygen, tended to sink by diffusion, 
leaving the lighter gases, such as helium, 
to exist in higher degree at great eleva¬ 


tions. Evidence obtained from spectro- 
photographs of auroral displays and 
from other considerations now, however, 
points to the conclusion that nitrogen 
and oxygen, the latter possibly atomic in 
large measure, exist to great heights and 
that hydrogen and helium may be pres¬ 
ent only in minute quantities near the 
upper portion of the atmosphere. Here 
then lies a fertile field for further inves¬ 
tigation: To determine the distribution 
of temperature, pressure and composi¬ 
tion of the gases present, including 
water vapor and the elusive ozone whose 
variations with place and time are so 
mystifying. 

At heights yet greater than those we 
have referred to, there still exist phe¬ 
nomena of interest to the meteorologist, 
viz., the aurora at elevations from 100 to 
about 1,000 km., and the Kennelly- 
Heaviside ionized layer at elevations 
from about 80 to about 260 km. Both 
of these are known to have some relation 
to electrical and magnetic storms on 
earth, while the latter is known to cause 
the reflection of radio waves back to 
earth. Recently Martyn of Australia 
reported that when the average night¬ 
time ionization density in the E layer of 
the Heaviside layer showed an increase 
or decrease, the barometric pressure at 
the ground from 12 to 36 hours later 
showed a corresponding increase or de¬ 
crease. If this is borne out, we have 
evidence that the changes of weather we 
observe at the surface of the earth are in 
some manner brought about by the same 
agencies as produce the changes in ion¬ 
ization at high elevations earlier, and/or 
possibly that conditions at 80 or more 
km. have a causal relation with the fol¬ 
lowing weather at the surface. This 
opens vistas unseen years ago and indi¬ 
cates to the meteorologist that he may 
have to turn to the laboratory and avail 
himself of the new tools that science has 
developed in order to fully understand 
the sequences of the weather. 
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Science has acted like a ferment 
throughout our whole civilization. The 
changes brought about by it have been 
so rapid that they are beyond the con¬ 
ception of most of us. We have com¬ 
pletely rearranged our environment 
without any material change in our¬ 
selves. The social responses to the 
effects of science have been slow and the 
political ones even more so. Modern 
medicine built on science has been in the 
forefront in bringing about these 
changes. 

We now find ourselves with a great 
mass of usable facts and with a splendid 
body of trained men and women ready 
to apply them for the benefit of human¬ 
ity, but without an administrative or 
economic system which will give all 
members of our society an even or an 
adequate opportunity to profit by them. 
In every advance there are always those 
who struggle against it and those who 
must fight old enemies in order to be 
happy. The mould of the human 
thought machine changes very slowly. 
The pattern of emotions, prejudices and 
habits that make up a large part of 
human behavior is strangely resistant to 
the control of what we are pleased to call 
the intellectual processes. 

There is no emotion in science. Its 
control depends upon the keenest and 
cleanest use of the mental faculties. It 
is natural that a considerable portion of 
those dealing with the sick should have 
their faces turned toward the past and 
that they should endeavor to use old 
formulae for new conditions. The auto¬ 
mobile and the associated highways have 
changed all the time factors in medical 
practise. The automobile, the operating 
table, the microscope, the telephone, the 
test-tube, the Roentgen ray, the trained 
nurse, the interne, the mechano-thera- 
pist, are indispensable to the modem 
doctor. Each has its place and each 


costs money. We can not care for the 
intricate set-up of modern medicine by a 
bookkeeping system such as that of the 
past, which was built around the notes 
carried in the silk hat of the bewhisk- 
ered, lovable and friendly general prac¬ 
titioner. 

Medicine has been built up step by 
step through persistent experimentation. 
The social applications of medicine re¬ 
quire the same repeated and carefully 
controlled experiments. We should rec¬ 
ognize that the scientific side of medicine 
is up-to-date and in full synchronization 
with the peaks of human achievement, 
while for the most part the social side 
and the economic side as developed now 
are often archaic and ineffective in 
operation. 

The medical profession has been 
undergoing a dramatic transformation 
in the last twenty-five years. Just as 
civilization has been remoulding its 
environment, so medicine has been re¬ 
moulded by those instrumentalities that 
are supplementary and accessory to the 
use of the trained mind and the trained 
hands of the physician. 

In this country we have had the con¬ 
struction of great medical schools and 
laboratories. We have put hundreds of 
millions of dollars into hospitals. We 
have trained tens of thousands of nurses 
and technicians. The mere operation of 
the machinery of modern medical prac¬ 
tise requires great administrative skill 
and enormous expenditures. The physi¬ 
cian can no longer be independent of 
these great agencies. He can, though, 
command them and see that they are 
used for their highest purposes. But in 
order to do so he must take part in the 
business, social and economic reorganiza¬ 
tion that is required, so that these instru¬ 
mentalities may function and so that he 
may do his share in seeing that all ele¬ 
ments of the population receive a just 
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and fair proportion of medical attention. 
To bring this about, community coordi¬ 
nation and some orderly plan that will 
provide the facilities and that will re¬ 
munerate the physician and his asso¬ 
ciates must be worked out. 

Out of the population in a given year 
only so many are sick. Of the people 
who are sick a considerable number are 
indigent and automatically fall into the 
taxpayer’s pocket. The others belong to 
different economic groups. In America 
we have been on the way up all the time. 
We have not thought of a stratified 
society. We think of a constant rise of 
young men and young women from the 
bottom to the top. These young people 
want the very best medical care in the 
very beginning of their economic period 
of earning a living. We can picture 
readily the burden of sickness that 
strikes our nation in the course of any 
given year. We can prophesy just about 
what it will be in character as well as in 
extent; but no one can prophesy what 
the burden of sickness will be in so far 
as the individual is concerned. Only a 
comparatively few are sick, and yet those 
few must bear the heavy medical costs. 
The hospitals, the various laboratories, 
the dentists, the nurses, all come in for 
their share. The great mass of men and 
women want to pay their own way. 
They want to meet the costs of medical 
care. This is impossible at the present 
time unless we devise a method that will 
spread the payments over a much longer 
period of time than just the period of an 
illness. We must spread it, too, over 
large numbers of individuals rather than 
over a few. In other words, there must 
be periodic payments over a long period 
of time to provide for the concentrated 
costs of illness. Otherwise they can not 
be paid. This means that an insurance 
basis must be devised to give security to 
the physician and care to the sick. 

The Committee on the Costs of Medi¬ 
cal Care during its five-year study 
brought out many pertinent facts which 
can not be blinked. Most significant 


perhaps is the uneven blow which sick¬ 
ness strikes in the community. Among 
4,560 families who kept records of their 
total medical charges during a year, we 
found a wide range of charges per fam¬ 
ily. There were 1,788 of these families 
whose total annual incomes for the year 
were under $2,000 per family. Forty 
per cent, of these low-income families 
incurred medical costs for the entire 
family of less than $25 for the year, 20 
per cent, had charges from $25 to $50, 
21 per cent, from $50 to $100, 14 per 
cent. $100 to $250, 4 per cent. $250 to 
$500, 1 per cent. $500 to $1,000 and 0.2 
of 1 per cent. $1,000 to $2,500. Eighty- 
one per cent, of this group had bills of 
less than $100 for the year and, we may 
assume, could pay their medical charges 
without serious hardship, but the re¬ 
maining 19 per cent, must impair their 
living standards, draw on savings or bor¬ 
row money if they are to meet their ex¬ 
penses. The 81 per cent, paid only 36 
per cent, of the total bill of the entire 
group, while the 19 per cent, were faced 
with 64 per cent, of the amount, making 
the average per family eight times as 
high in the latter group. Among the 
higher income groups, the situation is 
roughly similar. In any particular year 
most families have moderate medical ex¬ 
penses in view of their total incomes, 
while a few families, perhaps 20 per 
cent, of the total, are taxed beyond their 
means. Next year, fortunately, a some¬ 
what different group of families will 
constitute the 20 per cent. 

The essential fact is that medical 
charges fall with great unevenness on 
different families during any given year 
and on the same f amily during the course 
of several years. 

No well-informed student of medical 
economics believes for a moment that the 
patient’s difficulty in paying medical 
costs is primarily or basically due to ex¬ 
cessive fees on the part of physicians 
and other practitioners. There are a few 
“gougers” in medicine, of course, just 
as there are in all walks of life; but any 
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impartial analysis of the incomes of phy¬ 
sicians leads to the conclusion that in 
view of the time devoted to training and 
education and the responsibilities as¬ 
sumed, there is no general overpayment 
of practitioners. For instance, the 79 
practising physicians in San Joaquin 
County, California, had a median net in¬ 
come in 1929 of $5,500; in Philadelphia 
245 representative physicians reported 
net incomes for 1928 for which the me¬ 
dian was $4,200; 137 Vermont practi¬ 
tioners reported net incomes for 1929 
with a median of $3,400; and 30 physi¬ 
cians in Shelby County, Indiana, had a 
median income in 1928 of $3,100. Some 
unpublished data regarding physicians 
south of the Mason-Dixon line indicate 
that conditions in certain large areas of 
the South are such that large numbers 
of physicians in 1930 received net in¬ 
comes of less than $1,000. On the aver¬ 
age the general practitioners reporting 
have net incomes about half as large as 
the specialists. Dentists in twenty 
states reported median net incomes for 
1929 of $4,000. 

Most of these figures are for 1928 or 
1929. In 1930 physicians' incomes fell 
off appreciably, and at present the situa¬ 
tion is doubtless even worse. In fact, 
one of the most significant aspects of the 
practise of medicine in the United States 
is the financial precariousness and inse¬ 
curity of the major practitioners con¬ 
cerned. 

It is obvious that we can not assume 
that the payment problem arises pri¬ 
marily because physicians receive in¬ 
comes that are too large. Its roots go 
deeper than that. It rests on two prin¬ 
cipal bases: First, the physiological na¬ 
ture of the human structure, and the 
resulting uncertainty, so far as the indi¬ 
vidual is concerned, of the time and the 
place and the nature of the illness or ill¬ 
nesses which will affect him; and second, 
the uneven distribution of wealth in the 
United States and the apparent inability 
of a considerable number of people to do 
more than meet their current expenses. 


We feel reasonably confident when we 
say with Hermann Biggs, “Public health 
is purchasable." Our experience has 
been that if we perform certain tasks 
faithfully and conscientiously our mor¬ 
tality and morbidity rates will fall. But 
to the individual, we must be much more 
guarded in our promises. We may as¬ 
sure him that he can avoid diphtheria 
and smallpox and probably typhoid fever 
and certain other diseases. We can 
point out the benefits of sane, wise liv¬ 
ing, of reasonable exercise, of adequate 
rest and of proper diet. We can suggest 
an annual physical examination. Yet, 
although the individual may faithfully 
follow our advice, we can not assure him 
that he will escape all expensive illness. 
For the group we can now predict with 
a fair degree of certainty the incidence, 
duration and severity of the illnesses 
which they will have; for the individual 
definite prophecy is impossible. 

In the light of this uncertainty it is 
easy to discern the psychological barrier 
to saving money in anticipation of an 
uncertain attack of illness which, if it 
comes, will cost an unpredictable 
amount. Even if a family does save, it 
has no way of assuring itself that the 
saving will be adequate. 

But the uncertainty and the resulting 
adverse psychology are not the only ob¬ 
stacles. We must also face the fact that 
we distribute the fruits of our economic 
harvest in such a way that numerically 
important sections of our people have 
little surplus after paying even minimal 
amounts for food, clothing and shelter. 
In 1926, according to a careful estimate, 
32 per cent, of the families in New York 
received annual incomes of less than 
$2,000 per family and 48 per cent, re¬ 
ceived less than $2,500 per family. In a 
large majority of cases this income rep¬ 
resents the earnings of more than one 
member of the family. Most of these 
people can pay something for medical 
service and, if fully employed, they are 
able to pay their medical expenses dur¬ 
ing times of normally good health. But 
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a serious illness involving hospitalization 
and special nursing as well as the ser¬ 
vices of one or more physicians quickly 
bankrupts them. 

Paradoxically enough, the problem has 
been sharpened by the very advances in 
medicine on which we pride ourselves. 
As automobiles have improved in qual¬ 
ity, they have been more widely sold, 
and as a result have decreased in cost. 
But the greatest danger an economist 
runs in probing the economics of medi¬ 
cine is that he will expect to apply the 
automobile techniques and criteria and 
will not realize the deep significance of 
the difference between a personal, profes¬ 
sional service and an impersonal, manu¬ 
facturing or commercial process. In 
medicine, as our methods of measure¬ 
ment, of observations and of treatment 
have grown in objectivity and precision, 
they have of necessity in many cases be¬ 
come more, rather than less, costly. The 
saddle-bag day of medicine has passed 
and the new era has brought us new 
problems. We can not disregard modern 
methods. Although we all realize that 
complicated laboratory equipment is no 
substitute for the careful, thorough at¬ 
tention of a skilled mind, we also realize 
that if we are to practise medicine scien¬ 
tifically, if we are to do our best for each 
patient, we must have available many 
expensive tools and must utilize many 
procedures that were unknown to our 
grandfathers. Good medicine to-day has 
to be more costly than the good medicine 
of even twenty-five years ago. 

The provision of adequate scientific 
medical service to all the people, rich 
and poor, at costs which can be reason¬ 
ably met by them in their respective sta¬ 
tions in life, is of vital concern to every 
one here in this country, for in every 
city, town and village are people suffer¬ 
ing from rheumatism, cancer, venereal 
disease, diabetes, tuberculosis and other 
ailments. Thousands of persons, even in 

good times,” try to get along without 
the medical service they need. Hun¬ 
dreds of thousands postpone seeing the 


physician or dentist or going to the hos¬ 
pital because they are afraid the charges 
will be too high. Even among the 
wealthy it is only a small percentage who 
obtain all the preventive care that they 
really need. 

This lack of adequate medical service 
lays a burden of pain, suffering and in¬ 
efficiency on this nation which, rich as it 
is, exceeds what we can afford. The 
question which faces the American 
people in the next ten years is not 
whether we can afford to provide our¬ 
selves with satisfactory medical service, 
but rather whether we can afford to pro¬ 
vide less than adequate health care. 

The Committee on the Costs of Medi¬ 
cal Care agreed that a satisfactory medi¬ 
cal service was one which would fully 
meet the following essentials: (1) Safe¬ 
guards the quality of medical care and 
preserves the essential personal relation 
between patient and physician; (2) 
meets the true needs of substantially all 
the people. 

It should provide service on financial 
terms which the people can and will 
meet without undue hardship either 
through individual or collective re¬ 
sources. No one who has examined the 
data which have been gathered by the 
committee can doubt that the cost of 
medical care often constitutes a serious 
obstacle to a proper distribution of medi¬ 
cal service. 

A satisfactory medical program also 
must utilize known preventive measures. 
The old saw about* < an ounce of preven¬ 
tion” is vitally true in the medical field. 
If we are to keep the costs of medical 
care within reason, we must make our 
major economy through the prevention 
of disease. 

Our problem requires that we make 
full use of existing medical facilities, 
which can best 'be done by organizing 
many of them into medical centers; that 
we retain in any program the confidence 
and support and leadership of the 
trained medical profession, without 
whom no satisfactory plan can b€ 
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brought into being; and that we provide 
some form of payment for medical ser¬ 
vices which will spread the load over 
both sick and well and over all elements 
in the population. I see no escape from 
the insurance principle if medical care 
is to be given to those who need it and 
the physician and hospital are to be 
paid. 

What difference does it make to a 
physician whether he is paid directly 
from the checking account of the patient 
or from a collective fund to which the 
patient has contributed? The essential 
thing is that the physician and not a 
bureaucrat determines all medical phases 
of the care of any patient, and that the 
patient has a voice in the selection of his 
medical attendant. 

When we come to the question that 
was faced by the committee as to whether 
these group payments are to take the 
form of voluntary or compulsory contri¬ 
butions, naturally we meet differences in 
view-point that can only be worked out 
in time. We felt in the committee that 
it was safer to start off with the volun¬ 
tary method, for we feared that the com¬ 
pulsory method carried out too soon with 
vigor and enthusiasm of legislative 
bodies (which might have members who 
want to be reelected on a popular cause) 
might project us into a field from which 
we might later wish to retreat. But if, 
after a few years, we have been able to 
demonstrate that there is a willingness 
to meet this charge, and that only those 
who fail to meet it are reluctant or 
negligent or indigent, then we can see 
our way toward some plan that may 
have the compulsory feature in it. In 
other words, we can develop a plan of 
compulsory health insurance gradually, 
if that should prove to be the answer. 

The costs, as brought out by the com¬ 
mittee, are not staggering—$20 to $40 
per person per year. Using our present 
facilities, it is not a great cost when we 
think of how much many pay now who 
have more than the ordinary amount of 


illness to face. If we organise our tal¬ 
ent for producing medical services eco¬ 
nomically and efficiently, a task well 
within the scope of America’s peculiar 
genius, if we give thought to our navi¬ 
gating problems and plan our course to 
take fullest advantage of the wind, the 
waves and the strength and speed of our 
ship, we shall undoubtedly find that the 
cost is not too great for our present 
society. For inadequate medical ser¬ 
vices, produced with all the wastes in¬ 
herent in individualized practise, we 
now pay about $30 per capita annually. 
With organized, coordinated effort we 
should be able to provide ample medical 
services of good quality to all the people 
and with proper remuneration to the 
professional personnel for a cost of some¬ 
where between $20 and $50 per capita 
per year. 

Throughout the nation we have had 
many different schemes given a trial. 
There is a tremendous ferment working 
in our medical system. Both doctors 
and laymen are reaching out in various 
directions to find methods of leveling the 
cost of medical service and of providing 
a better quality of care than has previ¬ 
ously been available. Where this evolu¬ 
tion will take us, we know not. That it 
contains dangerous as well as hopeful 
possibilities is apparent. If the costs of 
medical care can be approached without 
prejudice and preconception, if we can 
get the doctor to go at this problem of 
the social reconstruction of medicine in 
the same way he would take up the treat¬ 
ment of an old disease by a new method 
we can offer to the American people the 
greatest opportunity for happiness that 
can come to them from any present 
source. 

It seems that American ways of pro¬ 
viding medical care for all on a basis 
that retains dignity and self-respect are 
available. By cooperation and weighed 
experimentation the best plans can be 
rapidly evolved on the basis of the facts 
presented by the Committee on the Costs 
of Medical Care. 



ETHICS AND RELATIVITY 


By Dr. E. A. KIRKPATRICK 

LEOMINSTER, MASS. 


Writing on “The New Burden of 
Behavior” in the October Scientific 
Monthly, Dr. Patrick suggests that the 
time is ripe for the application of scien¬ 
tific methods to problems of behavior. 
The present writer has been studying 
the possibilities of so doing for the past 
ten years and believes that changes pro¬ 
duced by science are decisively influenc¬ 
ing ethical practises and beliefs and that 
scientific research will ultimately solve 
many ethical problems. Perhaps, as Dr. 
Patrick says, we need a genius like Ein¬ 
stein to tell us “not about space and 
gravity but how to behave in this new 
and perplexing world—and why.” We 
have had many able philosophers who 
professed to do this, yet they have had 
little effect upon the behavior of the 
great mass of human beings. Rarely 
have the theorists themselves lived in 
accordance with the ideals set forth. 
Even those who realised the impossibil¬ 
ity of living ideally surrounded by a 
naughty world, and who therefore con¬ 
structed imaginary social utopias, have 
had little influence on sociological or¬ 
ganizations and codes of conduct. Hu¬ 
man beings go on their way almost as 
independent of moral theories as the 
stars are of physical theories of gravity. 

I 

Most of the real progress in astronomy 
has been made by careful students of 
facts rather than by physical theorists. 
It is the student of the relative move¬ 
ments of the planets who has made it 
possible to predict the exact location of 
any planet at any given date in the 
future. In ethics we need, not so much 
theories of how man ought to behave as 
studies of how he does behave, which 


will enable us to predict how he will act 
under given conditions. 

Man’s characteristic behavior can not 
be determined by studying the nature of 
individuals only, but by studying the 
behavior of man in relation to his envi¬ 
ronment, physical and social. Only a 
little observation is necessary to show 
that everywhere men living in groups 
engage in common practises approved by 
all, and that they frown upon and usu¬ 
ally punish acts contrary to these ac¬ 
cepted ways of behaving. In other 
words, they develop ethical or moral 
standards by which they determine what 
is right or good. These standards are 
never quite the same for any two groups 
of people, and they are all subject to 
change. This means that the standards 
are relative instead of absolute, as sup¬ 
posed by theoretical moralists. The 
science of astronomy is not vitiated by 
the acceptance of the theory of relativity 
in physics but is made to seem more rea¬ 
sonable thereby; and a similar result 
may follow the acceptance of the doc¬ 
trine of relativity in morals. We must 
study the underlying forces manifested 
in human behavior and find out what 
general truths account for the gravita¬ 
tion of human behavior to definite forms 
approved, at least for the time, by 
nearly all, and practised by the ma¬ 
jority. 

II 

Without attempting at present to de¬ 
scribe the essential elements of human 
nature, we will give attention to man’s 
responses to his environment. He is 
continually reacting: (1) to material 
things; (2) to the customary reactions 
of those around him to things; (3) to 
the customary reactions of the people 
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around him to each other; (4) to the 
special reactions of other people to him 
as an individual. We may study human 
beings in all parts of the globe and in all 
stages of history and discover general 
truths of how the behavior of each group 
is influenced by these four phases of the 
environment. 

(1) There is sufficient similarity and 
permanency in the characteristics of ob¬ 
jects and in the nature of all human 
beings to insure that the reactions of all 
persons to objects, when uninfluenced by 
customs or people, will be very similar. 
They will all react negatively to painful 
and dangerous things, and positively to 
those giving safety and comfort. How¬ 
ever, their knowledge of how to avoid 
what may be dangerous and to secure 
what is satisfying differs greatly. Since 
knowledge gained by individual experi¬ 
ence only is very limited, many reactions 
to things fail to give the safety and sat¬ 
isfactions desired. 

(2) The second phase of the environ¬ 
ment, the customs of the group in the 
use and avoidance of things, is based on 
the much wider experience and knowl¬ 
edge of the older members of the group 
and also of their ancestors. In reacting 
to these customs in a conforming way, 
one’s reactions to things are relatively 
better in the sense of improving his 
chances of survival and comfort. These 
customs, however, are subject to change, 
-especially after things have been studied 
by the more exact methods of experi¬ 
mental science. In our present civiliza¬ 
tion men are more and more directing 
their reactions to things in accordance 
with the results of scientific research, 
rather than according to their own ob¬ 
servation or the customs of their elders. 
They are inclined positively toward what 
science shows to be healthful and sat¬ 
isfying, and negatively toward what 
science indicates is dangerous and un¬ 
pleasant, and hence old standards of 
conduct are breaking down. In its very 


nature science is universal, and as its 
sway spreads it brings into use the same 
objects of nature and the same inven¬ 
tions and thus tends to make the reac¬ 
tions of all peoples to things more nearly 
alike in fundamentals, although special 
objects and situations induce people to 
live somewhat differently in one locality 
than they do in other places. Economic, 
medical and social reactions, so far as 
they are directed by scientific knowledge, 
tend to become nearly the same the 
world over. Injurious economic prac¬ 
tises, the use of inefficient medical meth¬ 
ods and ignoring social welfare become 
matters of right and wrong in the light 
of science. To fail to provide economic 
security by insurance or otherwise, to 
fail to disinfect surgical instruments, to 
keep large numbers of insane persons in 
strait-jackets or to fail to educate chil¬ 
dren—all these things are now univer¬ 
sally regarded as wrong. Thousands of 
ethical codes are developing as the result 
of scientific findings and are securing 
world-wide adoption. 

(3) The third type of reaction, which 
is to the customs governing the relation¬ 
ship of individuals and social classes to 
each other, is less quickly, directly and 
evidently modified by mechanical inven¬ 
tions and the growth of scientific knowl¬ 
edge, and yet it is just as surely being 
changed. 

Among nearly all peoples in past his¬ 
tory, customs have decreed that mem¬ 
bers of families behave toward each 
other in certain ways, that behavior 
towards members of one’s own commu¬ 
nity, tribe or nation be different from 
that toward members of other groups 
and that certain individuals—kings, 
priests or persons of different social 
status—shall practise and require spe¬ 
cial types of behavior regardless of the 
individual characteristics of the king, 
priest, aristocrat, or what not. These 
customs were associated with beliefs that 
such persons really differed from ordi- 
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nary persona. The effects of increased 
knowledge of physiology and psychology 
is to reveal all persons as fundamentally 
the same, and this leads to customs of 
behaving to a greater and greater extent 
in essentially the same way toward per¬ 
sons of all classes, and to expect the same 
behavior on their part. These ideals are 
gradually becoming established customs 
to which the new generation is conform¬ 
ing ; hence the decay of reverence. 

In most civilized countries it is now 
agreed that all persons are equal in the 
eyes of the law, and public opinion ap¬ 
proves of the same general type of be¬ 
havior toward people of all classes. In¬ 
ternational law also recognizes no social 
difference when one nation demands of 
another protection for its subjects. 
With further development of scientific 
knowledge and of facilities for travel 
and communication, there wil 1 be world¬ 
wide approval of the same types of be¬ 
havior in most details towards all men. 
When these tendencies have developed 
further, conflicts between classes and 
nations, arising from the belief of each 
that they should have special favors in 
the way of behavior toward others and 
of others toward them, will cease. The 
same regulations will then apply to ail 
classes and nations, and the majority of 
nations and the mass of people in each 
nation will unite in supporting such 
regulations. There will then be resis¬ 
tance only by a minority who are striv¬ 
ing for special treatment favorable to 
themselves. 

(4) The fourth form of reaction to 
phases of the environment, that of re¬ 
acting to individuals, is still less directly 
and evidently modified and controlled 
by increased scientific knowledge, and 
yet it is subject to the same influence. 
Human beings are not all alike: there 
are fundamental differences between (a) 
the sexes, (b) children and adults, and 
(c) individual adults who vary in physi¬ 
cal strength, intellectual ability and in 


emotional and volitional characteristics. 
This makes it inevitable that the inter¬ 
actions of individuals as individuals to 
each other shall be influenced by these 
differences. Repeated reactions of the 
same individuals to each other render 
the behavior of each toward the other as 
of a still more special character. 

(a) The universalizing of knowledge, 
however, may have very marked effects 
upon the behavior of these naturally dif¬ 
ferent types of persons to other types. 
This is most evident in the case of the 
behavior of the members of the two sexes 
toward each other. Old ideas as to the 
differences between men and women and 
of the correct behavior toward each sex 
have been greatly changed in the direc¬ 
tion of recognizing their fundamental 
physical and mental similarity and to 
corresponding changes in customs of be¬ 
havior more nearly the same toward all. 
When the sciences of physiology, psy¬ 
chology and sociology have been further 
perfected and customs correspondingly 
modified, the approved hetero-sex be¬ 
havior will still differ in certain details 
from the approved intersex behavior, 
while most other behavior reactions of 
the two sexes will be on nearly an equal 
plane, as they now are economically and 
politically in the United States. The re¬ 
cent changes in women's behavior and 
in men's reactions to these changes in all 
civilized countries and especially in 
Russia, while not due wholly to increased 
knowledge of the near equality of men 
and women, will inevitably be perpetu¬ 
ated in a scientific world. In other 
words, science will determine the types 
of behavior which will be generally ap¬ 
proved and practised in dealing with the 
same and with the opposite sex, although 
individual men and women will behave 
in special ways toward each other. 

(b) The differences between infants 
and adults and, if family life continues, 
the necessarily intimate interaction be¬ 
tween parents and children will make 
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inevitable certain differences between be¬ 
havior of adults and parents toward 
children and of children toward parents 
and other adults. These differences are 
especially marked during the period of 
helpless infancy, but as fast as the child 
gains power of self-direction, the reac¬ 
tions of adults to children and of chil¬ 
dren to adults need to be varied only on 
account of differences in strength and 
knowledge. The right of the parent to 
demand obedience and the duty of the 
child to render it is now questioned in 
the light of scientific truths of mental 
hygiene for both adult and child. 

(c) The relationship between strong 
and weak individuals of whatever age, 
and of intelligent and ignorant, will al¬ 
ways be of a somewhat special character. 
They can not compete on an equal basis, 
and the tendency is for the stronger and 
more intelligent person to dominate the 
weaker and more ignorant, either to the 
advantage of the strong, or because of 
love, to act in the interest of the helpless 
and innocent. Scientific studies of per¬ 
sonality and of mental hygiene, how¬ 
ever, show that conflicts are decreased 
when persons of differing ability cooper¬ 
ate in gaining common ends instead of 
one dictating the ends and directing the 
activities of the other. Such coopera¬ 
tion is greatly increased in an age of 
specialization and of scientific domina¬ 
tion. In polite society, in schools, in in¬ 
dustrial establishments and in institu¬ 
tions of nearly all sorts (armies partly 
excepted), authority is giving place to 
cooperative and reciprocal behavior in 
reaching common and special ends. 

In the early days of the factory sys¬ 
tems authority grew, but is now declin¬ 
ing, and employers and laborers, when 
they can not completely cooperate, are 
more frequently agreeing upon behavior 
involving reciprocal advantages. Scien¬ 
tific management is now concerned not 
only with elimination of waste of mate¬ 
rials and movements, but with methods 


of dealing with employees and with the 
formulation of codes for the conduct of 
industrial and business activities. Fact¬ 
finding commissions are numerous, and 
legislators, courts and leaders of public 
opinion are more and more rendering 
judgments of ethical behavior in the 
light of scientific findings rather than on 
the basis of old customs. 

Ill 

In order to see more clearly the part 
that science may play in determining 
behavior we must take note not merely 
of the effects of environment upon the 
reactions of men, but must study human 
nature and note some of the laws gov¬ 
erning the adjustivo reactions of men to 
other men. It is natural for all men to 
adjust their reactions not only to their 
physical environment but also to their 
companions in such ways as to secure 
their own continued existence and satis¬ 
faction. This means that they inevitably 
modify their own behavior by what they 
know is likely to be the response to their 
acts from their fellows. This tendency 
is especially evident when one is sur¬ 
rounded by equals who can make their 
approval or irritation effective. In gen¬ 
eral, an aggressive act excites aggression 
in others, while a kindly act induces 
helpful ones. The aggressive acts of two 
persons or groups often increase in in¬ 
tensity with each response of the other, 
but after repeated conflicts each fighter 
learns to avoid going too far because of 
what the other is likely to do. As a con¬ 
sequence, when the same parties are in 
frequent conflict some sort of rules of 
fighting usually develop which prevent 
either party from trying to exterminate 
the other without regard for age or sex 
or the means used. Fighting with fists, 
with weapons in duels and with germs 
or gas in war have generally developed 
rules of civilised and uncivilized fight¬ 
ing, violations of which have been se¬ 
verely condemned. In competitive busi- 



244 


THE SCIENTIFIC MONTHLY 


ness and in games, rules of behavior are 
always adopted and ultimately approved 
as right if they bring greater satisfac¬ 
tion to all concerned. 

Putting the matter in brief form, 
whenever men react to each other fre¬ 
quently in similar situations, they sooner 
or later make adjustments, each in the 
light of liow the other responds, until 
ways of reacting are found which in 
view of the action of the other party will 
be least unsatisfactory. Each is willing 
to do or to refrain from doing certain 
things if the other acts in a similar way 
and both gain thereby, c.g ., turn to the 
right. Customs of this kind cause each 
to expect the usual or right act from the 
other, and each assumes responsibility 
for obeying the same rule. Among all 
groups such codes of right develop. 
How quickly they develop and how effec¬ 
tive and satisfactory they prov,. depends 
in part upon the frequency with which 
the same situations are met, and in part 
upon the disposition, intelligence and 
enlightenment of the reacting parties. 
Knowledge gained in part by experience 
and in part revealed by the science of 
social psychology will induce intelligent 
individuals to act on the general truth 
that, all behavior must be adjusted, not 
merely to the objective situation, but in 
relation to the known or probable beha¬ 
vior of others. Codes of behavior that 
will more quickly bring about satisfac¬ 
tory conduct on the part of persons asso¬ 
ciating with each other may be formu¬ 
lated in the light of such knowledge and 
modified in the light of experience so as 
to secure general endorsement and con¬ 
formity, e.g obey signal lights. 

We see, then, that man’s nature as a 
creature seeking to preserve his own life 
and health develops modes of action 
when he is associated with others which 
inevitably lead to behavior generally 
recognized as right. Such rules are 
more favorable to the survival and satis¬ 
faction of all members of the group than 


acting without regard to what others 
wish and are likely to do. In other 
words, acts approved by all are more 
satisfactory than acts for self-advantage 
which are not adjusted to the desires of 
others. 

There is another side to human nature 
which must not be ignored in studying 
problems of behavior. Men’s actions are 
not unfrequently determined more by 
their emotional attitude toward another 
person involved in the situation than by 
the possibilities of the situation itself. 
The value of a disputed piece of prop¬ 
erty or the success of cooperative efforts 
are often almost ignored in the effort to 
injure an enemy or help a friend. This 
purely personal factor influencing beha¬ 
vior to a greater or less extent involves 
actions which may be called 11 good” or 
‘ ‘ bad, ’ ’ without in all cases being judged 
by the group as right or wrong. The 
individual behavior of persons inti¬ 
mately associated renders the develop¬ 
ment of codes of conduct, based on scien¬ 
tific findings as to what is of general 
advantage to the group, very difficult. 
The politician still believes in being 
4 ‘good” to his friends, the civil service 
reformer in giving the most efficient man 
the job. 

In general, the development and the 
observance of codes of right are hastened 
and perfected by all means that add to 
the general good will and are slowed or 
prevented by those producing ill will 
toward individuals and sometimes by de¬ 
veloping excessive good will toward 
other individuals, regardless of how 
others of the group are affected thereby. 
Additional development of scientific 
knowledge of personality will doubtless 
result in more persons having the atti¬ 
tude of good will or loyalty to the group, 
and of more good will and less ill will 
toward individuals. 

There is one way in which the effects 
of good will or ill will on the develop¬ 
ment and practise of moral codes are 
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now being continually minimized. Ill 
will and good will have the greatest in¬ 
fluence on conduct when people are in 
face-to-face contacts with each other, and 
when each is acting according to his own 
nature rather than following a pre¬ 
scribed course of action. In all large 
organizations officers and employees 
when on duty are acting toward each 
other and toward clients in accordance 
with policies and regulations prescribed 
and practised by the leaders and man¬ 
agers and by the traditions of the insti¬ 
tution. The customs of polite society 
also prevent many manifestations of per¬ 
sonal attitudes which would otherwise 
call forth good will or resentment on the 
part of associates. 

The results of inventions and discov¬ 
eries of science have tremendously in¬ 
creased the number of non-face-to-face 
associations of people with each other. 
Buyers and sellers often never meet per¬ 
sonally, while producers, transporters 
and consumers of goods and users of 
works of art and literature are rarely in 
personal contact with each other, and 
the codes of right behavior in their rela¬ 
tions to each other are more influential 
than personal ill will or good will. 
Smiles and pleasant words contribute 
somewhat to the good will felt toward 
an organization; hence these are encour¬ 
aged by business firms, railways, tele¬ 
phone companies and by educational and 
social institutions in dealing with indi¬ 
viduals. Yet the security dealer or the 
head of any institution who seems over- 
solicitous regarding the personal wel¬ 
fare of a client is regarded with suspi¬ 
cion. 

The importance of personal ill will 
and good will in the ethics of modern 
life has diminished to such an extent 
that we may raise the question whether 
in the social field a science of ethics of 
an almost completely objective character 
may not be developed, leaving only the 
field of reactions of individuals to indi¬ 


viduals still not completely dominated 
by scientific findings. This problem of 
objectivity of ethical science may be dis¬ 
cussed at another time. 

IV 

This article may be closed with a 
further brief reference to relativity. 
Many who have discussed ethical prob¬ 
lems have seemed to assume that at least 
a concept of absolute right and of good¬ 
ness is attainable. Scientific concepts, 
however, are all relative, and the author 
believes that no progress in the solution 
of ethical problems is possible until the 
idea of an absolute right is abandoned 
and the facts of man’s reactions to 
things, to customs of his group and to 
individuals are investigated. The nature 
of an act varies with its setting and in 
relation to near and remote objective 
and subjective consequences. It would 
be useless to attempt to develop an abso¬ 
lute science of bridge building or of agri¬ 
culture, and it is just as useless to strive 
for an absolute ethics. Notwithstanding 
the influence of custom on constructive 
practises, agricultui'al operations and 
ethical judgments, scientific knowledge 
will ultimately determine what practises 
will generally be approved. 

Progress in developing efficiently right 
conduct in accordance with scientific 
knowledge is slower in ethical than in 
material sciences, but no less inevitable. 
Scientific knowledge is in its nature uni¬ 
versal, and when it has spread to all na¬ 
tions it will make the essentials of ethi¬ 
cal behavior the same the world over. 

In studying ethical practises it is not 
necessary to decide what one thing is of 
the highest ethical value. All values are 
reflected in individual conduct, and 
since there must be adjustments of each 
individual’s conduct to that of all other 
people affected by it, the codes of con¬ 
duct finally developed and approved 
represent the resultant of the attempts 
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of all to gain what they regard as of 
most value. The values obtained by 
right conduct are the sum total of all 
known human values that are at the time 
practically obtainable by all. Other 
values dependent upon individual tastes, 
esthetic appreciations and personal effort 
may be attainable, but such values are 
not, properly speaking, ethical values 
because no uniform modes of acting are 
involved. In other words, there are 
many individual satisfactions not sub¬ 
ject to general ethical valuation. Ethi¬ 
cal conduct of individuals and the high¬ 
est happiness of individuals are not 
identical. 

Right is always relative to the ap¬ 
proved practises of the persons most 
concerned and has varied extremely in 
different groups at different stages of 
human history. When all the world has 
come under the dominating influence of 
science the group differences will de¬ 
crease, and the personalities of reacting 
individuals will be regarded as of less 
ethical significance. There is no reason 


to expect that right will ever reach a 
condition of unchangeability. Some 
peoples and some individuals will be 
relatively nearer to scientific right prac¬ 
tises than others, and each will be influ¬ 
encing the codes and practises of the 
others. Science will also be advancing 
and new inventions and social organiza¬ 
tions will always demand readjustment 
of ethical codes so as to make them rela¬ 
tively better. It is vain to hope that 
they will ever become such as can be 
called absolutely and eternally right and 
good, although some codes have worked 
well with minor variations in all groups 
of men in all ages, and hence may be re¬ 
garded as more nearly approximating 
the ideal of the absolute, universal and 
eternal right which has inspired the 
thinking of moralists in all stages of the 
world *s history. 

The mills of human interaction grind 
slowly, but science is accelerating the 
adjustment of social organization and 
the emergence of finer working codes of 
behavior. 
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The recent biography of J ohn Quincy 
Adams by Champ Clark 1 once again 
raises the question whether a biographer 
is at liberty to suppress or gloss over at 
will any of the leading activities or in¬ 
terests of his subject. Except for a brief 
chapter on the Smithsonian Institution, 
this biography has no word, good or bad, 
for the work of Adams in the promotion 
of science; and that chapter, indeed, 
does very little to retrieve the failure. 
The life by John T. Morse in the 
“American Statesmen Series” is simi¬ 
larly defective, and the early biography 
by William H. Seward (Auburn, New 
York, 1849) entirely so. Only the Me¬ 
moir (Boston, 1858) by the historian 
and one-time president of Harvard Uni¬ 
versity, Josiah Quincy, gives a fair indi¬ 
cation of the passion which Adams felt 
and the labor which he endured for the 
“increase and diffusion of knowledge 
among men . 11 

The formal education of John Quincy 
Adams, secured in the intervals of travel 
and amidst the distractions of diplo¬ 
macy, was almost entirely a literary one. 
He read the usual Latin and several of 
the Greek authors in their own lan¬ 
guages. He cultivated a close acquain¬ 
tance with the English and French 
poets, and he spoke the language of the 
latter fluently and accurately. “In 
truth, 1 ' his father wrote, “there are few 
who take their degrees at college, who 
have so much knowledge. ” This was a 
claim as moderate as it was accurate in 
its emphasis; it was, in spite of his para¬ 
phrasing and poetizing, for his knowl¬ 
edge rather than his literary taste that 
John Quincy Adams was to become dis- 

* Boston, Little, Brown and Company, 1932. 


tinguished. In the same famous letter 
to Dr. Waterhouse, John Adams noted 
that in the course of the preceding year 
he and his son had spent their evenings 
upon Euclid, “instead of playing cards 
like the fashionable world / 1 At Har¬ 
vard, where the son now spent fifteen 
months and whence he graduated with 
honors in mathematics, the course which 
aroused his greatest curiosity and enthu¬ 
siasm was one on natural philosophy. 
And the exact sciences, especially astron¬ 
omy, were to be the objects of his keen 
interest throughout a life devoted to its 
last day to public affairs. 

The eminence of John Quincy Adams 
in diplomacy and statesmanship so over¬ 
shadows his scholarly interests that his 
labors for the advancement of science 
have been neglected. From the diary 
one gathers that he would have pre¬ 
ferred a somewhat different assessment 
by the biographers of his services to his 
country and to mankind; and in this 
self-judgment we must concur. A re¬ 
consideration of his work is warranted 
on another ground also. Adams lived in 
the beginning of the scientific renais¬ 
sance in the United States and touched 
that great movement at several points; 
and he recognized, as not all statesmen 
do, the importance of the services that 
science and statesmanship may render to 
each other. He once wrote that “The 
people of this country do not sufficiently 
estimate the importance of patronizing 
and promoting science as a principle of 
political action . 99 That seems to mean 
that aid to the increase and diffusion of 
scientific knowledge is a function of 
government; and that government 
should operate upon the fullest obtain- 
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able knowledge of nature and human 
nature. Was not this a prophetic vision 
of the “brain trust”? 

Public employment left Adams slight 
leisure for the prosecution of scientific 
interests. Once “in Mr. Bussey’s gar¬ 
den in Boston” he served as the amateur 
helper of Nathanial Bowditch in the 
observation of a solar eclipse; and he 
kept in sufficiently close touch with as¬ 
tronomy to have confidence in his own 
judgment that Bowditch\s “Navigator” 
was “a perfect treatise of practical 
astronomy.” He had a part in the 
establishment of three observatories, at 
Harvard, at Washington and at Cincin¬ 
nati. In the second place, his labors to 
assure the integrity of the Smithsonian 
bequest and for the creation of the insti¬ 
tution constituted a national service. 
And his report to Congress on weights 
and measures has not ceased to receive 
the encomiums of scientists and pub¬ 
licists alike. 2 

The report upon weights and measures 
occupied Adams intermittently, from 
the Senate resolution of 1817, for a 
period of about four years; but this was 
not the beginning of his interest in the 
subject. Five years earlier, during the 
Russian mission, he was occupied with 
the French writers in the field, espe¬ 
cially Paucton. He noticed that Pauc- 
ton was led to study weights and mea¬ 
sures from an initial desire to improve 
agriculture, but the accessory became 
the principal pursuit and he produced 
his “m^trologie primitive.” “This is 
too much the progress of all my studies,” 
he adds; “but I shall never produce a 
metrology.” He came closer doing so 
than seemed possible in 1812. The 
preparation of his report was “a fearful 
and oppressive task” made so by the 
fact that “all the power and all the 
philosophical and mathematical learning 

2 Beport of the Secretary of State upon 
Weights and Measures. . . . February 22, 1821. 
135 pp. plus appendices, 100 pp. House Doc. 
109, 16th Cong., 1st Session (1820-21) ; also, 
Senate Doc. 119, 2nd Session of same Congress. 


of France and Great Britain” had been 
expended upon the subject. What 
under the circumstances could one man 
do? He might have submitted an a 
priori opinion or a pro-forma state 
paper, prepared by clerks. 

What Adams did was to study the 
subject both from its beginnings and its 
foundations; and to write, after careful 
research, a treatise historical and philo¬ 
sophical as well as practical. It6 great 
distinction is that weights and measures 
are considered not only with reference to 
the nature of things but also to the na¬ 
ture of man, his abilities, habits and 
institutions. Adams attempts to trace 
the origins of these instruments from 
primitive times and early society. He 
compares the suitability of the decimal 
arithmetic of tens and tenths, with a 
binary or a duodecimal system, not 
merely for computation but for the 
practical handling of material things. 
He reviews the historic difficulty of es¬ 
tablishing uniformity by law; notices 
that the power of a law is limited to the 
legislator's dominions, while trade and 
science are international; and concludes 
that the province of law over weights 
and measures is not to create but to 
regulate. He traces the legal history of 
weights and measures in ancient and in 
modern times, and in the latter he de¬ 
votes special attention to England and 
France. He introduces at this point an 
extended and an appreciative history of 
the “sublime effort” of France to de¬ 
velop a decimal, that is, the “Metric” 
system which should be founded in ex¬ 
ternal nature, scientific in construction 
and regular in form and nomenclature. 
When be came to consider the metric 
system as a practical instrument in com¬ 
merce he was less appreciative; and he 
failed to consider it as an instrument in 
science except at its weakest point, the 
measurement of the circle and of time— 
features which had already been aban¬ 
doned when he wrote. To understand 
his position we need only remember that 
to him the most important object seemed 
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to be universality in the use of any sys¬ 
tem that might be adopted rather than 
its symmetry, its natural base or other 
ideal considerations; and that the metric 
system, though adopted by the govern¬ 
ment, did not come into general use even 
in France until after the date of his 
writing. His report has given comfort 
both to the enemies and the friends of 
the metric system. 

The practical result of the report was 
nil; and in this there may be a fairly 
fundamental criticism, since its purpose 
was a practical one. Of its two main 
conclusions also, the second is now 
known to have been erroneous. Those 
conclusions, expressed in the form of 
recommendations to Congress, were: 
That for the present the English weights 
and measures should be retained without 
change, but that correct standards 
should be deposited with each State; and 
that Congress should attempt to secure 
a concert of nations as the only prac¬ 
ticable agency for the adoption of a 
permanent and uniform system. The 
present wide use of the metric system 
has, of course, come about by a piece¬ 
meal process. But for most of the errors 
of opinion and some of fact in this cele¬ 
brated document Adams can not be held 
responsible. We cite one or two. He 
did not know that Mechain had intro¬ 
duced an error into the measurement of 
the degree upon which the metric system 
is based and that its natural base is, 
therefore, a myth. He speaks of 4 4 the 
problem, hitherto unsolvable by man, of 
squaring the circle.” It was in 1882 
when Lindemann showed that no solu¬ 
tion is possible. Again, Adams wrote: 
“For all the transactions of retail trade, 
the eighth and sixteenth of a dollar are 
among the most useful of our coins; and 
although we have never coined them our¬ 
selves, we should have felt the want of 
them, if they had not been supplied to 
us from the coinage of Spain. ,, Such 
minutiae, interesting mainly as show¬ 
ing that the report has its own date writ¬ 
ten plainly upon it, serve by contrast to 


emphasize the industry and acumen 
which were required to produce a classic 
in American metrology by a Secretary 
of State. 

On the day when Adams despatched 
his report he wrote in his diary that he 
might not again have time to prepare a 
scientific monograph. And although 
this fear was realized, his work as a pro¬ 
moter of science continued, for we should 
include under that title those who aid in 
the establishment of scientific institu¬ 
tions or who, in any way, to quote the 
words of James Smithson, further “the 
increase and diffusion of knowledge 
among men.” Adams had a large part 
in securing the Smithsonian Fund and 
guarding its integrity. As chairman of 
the House committee to whom the mat¬ 
ter of its application was referred he 
rendered valuable services for the whole 
ten-year period during which ideas were 
being matured, crack-brained schemes 
were warded off and public interest was 
aroused. Anxious both for the promo¬ 
tion of science and for the honor of the 
country and armed with only such faith 
in his followers as his grim political ex¬ 
perience had inspired, Adams feared 
that the trust might be wholly dissipated 
by fraud or unwise investment or might 
be applied to useless objects. But if we 
mean to recall that his fears rose almost 
to the level of an obsession we must also 
remember that they were not groundless. 
All this can be studied in the diary and 
in the well-nigh exhaustive collection of 
documents bearing upon the founding of 
the Smithsonian Institution which was 
made by W. J. Rhees. Of Adams’ efforts 
it may be said that they were directed 
to acceptance of the trust by Congress 
in the first place; against the inaugura¬ 
tion of hasty, immature plans, which 
were pioposed in numbers; and to bring 
it about that the funds should not be in¬ 
vested in state bonds as at first but 
should become a permanent obligation of 
the United States Treasury. 

To be sure he did not get his astro¬ 
nomical observatory, “to be superior to 
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any other devoted to the same science in 
any part of the world.’’ Secretary of 
the Treasury Spencer once told him it 
was because the whole country was 
laughing at his designation of observa¬ 
tories, as ‘*lighthouses of the skies .’ 9 
But the Government did establish the 
Naval Observatory in 1843 and the 
Smithsonian Institution in 1846; and 
Adams’ agitation had a useful effect 
upon both developments. It was just 
the time when the first permanent obser¬ 
vatories were beginning to appear in the 
country. Winthrop and Rittenhouse 
and even Bowditch, who was not, how¬ 
ever, primarily an observer, had none. 
In 1823 Adams had subscribed one thou¬ 
sand dollars for an observatory at Har¬ 
vard, but the subscription could not be 
filled and the scheme failed. Less than 
a decade later and just as Adams en¬ 
tered upon the last phase of his life as 
a Representative in Congress, the build¬ 
ing of American observatories began and 
increased until it became an educational 
and scientific trend, almost a fashion. 
Within a very few years of each other 
teaching observatories were established 
at Yale, at Chapel Hill in North Caro¬ 
lina, in Williams College and in Western 
Reserve near Cleveland and most dis¬ 
tinctive of all in the new Philadelphia 
High School planned by Alexander 
Dallas Bache. In the West the center of 
the greatest interest in astronomy was at 
Cincinnati, and some work had been 
done by Dr. John Locke, who had even 
gone to Europe for information and in¬ 
struments. The fruits of these efforts 
were gathered by Ormsby Mitchell who 
from the beginning of his connection 
with Cincinnati College extended his 
activities far beyond the boundaries of 
his professorship into work as a consult¬ 
ing engineer and a teacher of engineer¬ 
ing. A newspaper of that day reports 
the arrangement by which 1 ‘ Each of the 
professors will be at liberty to receive 
pupils, in his own branch, as irregu¬ 
lars. Under this permission, Professor 
Mitchell will forthwith organize a class 


in Civil Engineering, of which his regu¬ 
lar pupils will likewise be members. To 
afford opportunity for practice in this 
important study, the professor will be 
allowed a vacation of four months in the 
year, during which he will be in the field 
with his students, engaged in actual 
engineering. ” 8 To arouse the public 
interest in astronomy Mitchell resorted 
to lecturing, a form of instruction of 
which, as Lyell remarked, the Americans 
were very fond. The remark applied 
very well to Cincinnati, and Mitchell’s 
lectures in particular were so popular 
that he raised the money for an observa¬ 
tory in that small western town. “If 
the public support, based on public in¬ 
terest,’’ said Newcomb, “is what has 
made the present fabric of American 
astronomy possible, then we should 
honor the name of a man whose enthu¬ 
siasm leavened the masses of his coun¬ 
trymen with interest in our science. ’ ’ 
Ormsby Mitchell no longer needs an 
introduction, 4 but it was on June 22, 
1842, that Adams noted in his diary: 
“Mr. Mitchell is a professor of mathe¬ 
matics of Cincinnati where he delivered 
last winter a course of lectures, he says, 
to three thousand persons, and he 
kindled such a passion for astronomy in 
that city that they have formed an astro¬ 
nomical society, with stock in shares of 
twenty-five dollars each, and have raised 
a fund of thirty thousand dollars to 
erect and furnish an observatory, for 
which purpose he is now going to 
England.’’ Evidently Mitchell was 
himself quite a promoter and Adams did 
not like him at first. Besides the elo¬ 
quent “he says’’ of the sentence quoted 
above the diary says: “There is an ob¬ 
trusiveness of braggart vanity in the 
man, which he passes off for scientific 
enthusiasm, and which is very annoy- 
s Cmoinnati Daily Gazette, October 19, 1886. 
4 An account of him is F. A. MitchePg 
“ Ormsby MacKnight Mitchel Astronomer and 
General, a Biographical Narrative, 1 * 892 pp., 
Boston, Houghton Mifflin & Co. 1887. The 
spelling of the name used in the teafct above, 
seems to have been the contemporary one. 
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ing”; and Charles Francis Adams, edit¬ 
ing the diary, calls this “ Scant praise 
for Mitchell”! A year later Mitchell 
was back to see Adams, this time at 
Quincy, with letters, resolutions and an 
urgent invitation from the Cincinnati 
Astronomical Society to lay the corner¬ 
stone of their new observatory and to 
deliver an oration on the occasion. Dur¬ 
ing the autumn the seventy-six-years-old 
statesman may be seen at his desk at¬ 
tempting to compress a history of astron¬ 
omy into an address. “My task,” he 
wrote, “is to turn this transient gust of 
enthusiasm for the science of astronomy 
at Cincinnati into a permanent and per¬ 
severing national pursuit, which may 
extend the bounds of human knowledge 
and make my country instrumental in 
elevating the character and improving 
the condition of man upon earth. The 
hand of God Himself has furnished me 
this opportunity to do good. But, oh, 
how much will depend upon my manner 
of performing that task!” 

After a cold, uncomfortable journey 
of thirteen days, traveling alternately 
by carriage, railroad train, steamboat 
and canal-boat, he reached Cincinnati on 
the eighth of November (1843). The ora¬ 
tion upon which he had been working for 
more than a month was yet unfinished; 
it was incomplete at one when he re¬ 
tired, and he rose at four to finish it. 
The ninth was a day of pouring rain 
and as he tried to speak at the corner¬ 
stone-laying there stretched out before 
him not a sea of faces but a concourse of 
umbrellas apparently floating on a sea of 
mud. The next day came the oration, 
which was well received. He remained 
for several days. Naturally the wealth, 
position and talent of Cincinnati 
crowded about him and fSted him— 
Judge Burnet, Thomas Corwin, Bellamy 
Storer and Nicholas Longworth, who, 
Adams learned, was the especial patron 
of the observatory. Back in Washing¬ 
ton for the opening of Congress he 
wrote in his diary: 


“. . . The people of this country do 
not sufficiently estimate the importance 
of patronizing and promoting science as 
a principle of political action; and the 
slave oligarchy systematically struggle 
to suppress all public patronage or 
countenance to the progress of the mind. 
Astronomy has been specially neglected 
and scornfully treated.” Was he think¬ 
ing of the derision which greeted his 
“lighthouses of the skies”; or did he 
think that astronomy was scorned above 
other sciences because he had stood out 
as her special champion? The diary 
continues: “This invitation had a gloss 
of showy representation about it that 
wrought more on the public mind 
than many volumes of dissertation or 
argument. I hoped to draw a lively and 
active attention to it among the people, 
and to put in motion a propelling power 
of intellect which will no longer stag¬ 
nate into rottenness. I indulge dreams 
of future improvement to result from 
this proclamation of popular homage to 
the advancement of science, and am will¬ 
ing to see my name perhaps ostenta¬ 
tiously connected with a movement to 
which I so long and so anxiously strove 
to give an impulse in vain.” 

Is it too much to ask of a biographer 
that he shall read the great diary, exten¬ 
sive as it is; and, having read, that he 
shall duly ponder the many pages upon 
which the scientific interests and activi¬ 
ties of John Quincy Adams are written 
at large ? Having done so, he will recog¬ 
nize in Adams a scientist-statesman who 
saw that it is an important duty of gov¬ 
ernment to patronize and promote the 
increase of knowledge among men. If 
now such a biographer will have the 
vision to see and the courage to present 
the facts as they are, the results should 
be salutary even though, comparatively, 
the glory of the Monroe Doctrine might 
be dimmed a little. Adams might say to 
his biographers, as Cromwell is reputed 
to have said to his artist: “Paint me as 
lam.” 



PARASITES, FRIENDS OF MANKIND 
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A few years ago I attended a lecture 
in which the speaker prefaced his re¬ 
marks with the statement, “Nobody 
loves a parasite/’ This is undoubtedly 
true. Not only do parasites fail to 
awaken affection in our breasts but, I 
fear, we are inclined even to despise 
such of our fellow organisms as have 
adopted this method of gaining a liveli¬ 
hood. The inference is, of course, that 
we consider ourselves to be, in some re¬ 
spects, superior to parasitic forms of 
life. 

When we view the matter impartially, 
however, we can hardly stigmatize a 
parasite, which obtains all its nourish¬ 
ment from a single host, as a more seri¬ 
ous biological offender against its fellow 
organisms than are catholic predators, 
such as ourselves. 

Man, beyond a shadow of doubt, is the 
most abhorrent exploiter of all forms of 
animal life that the earth has produced. 
He searches the entire surface of the 
globe, the depths of the ocean and as far 
upwards as he can reach towards heaven 
in order to obtain victims that will sat¬ 
isfy his predatory appetites. 

Members of nearly every phylum in 
the animal kingdom find their way into 
the insatiable stomach of man. The few 
that escape do so because he does not 
relish the flavor of their flesh or because, 
while living, they appear to him to be 
somewhat repulsive. We eat oysters 
with avidity, provided we obtain them 
in a month that contains an R. Few of 
us, however, have more than a hazy idea 
of the manner in which oysters pass 
their days or even of the significance of 
that qualifying R. In order that we 
may continue to enjoy the gustatory 
pleasure evoked by these slippery bi¬ 


valves it is perhaps as well that we con¬ 
tinue to make our first acquaintance 
with them in company with cracked ice 
and labelled, “60^ a pint.” 

On the other hand, we are all more or 
less familiar with caterpillars during 
their lifetime. In this stage of their 
career the majority of us consider them 
to be so repulsive that the bare idea of 
eating one is accompanied by an invol¬ 
untary shudder. The old riddle, “What 
is worse than finding a caterpillar in the 
apple you are eating?” with its answer, 
“Half a caterpillar” makes too univer¬ 
sal an appeal to need further comment. 
This, despite the claim that caterpillars, 
when properly prepared, are very palat¬ 
able and of undoubted nutritive value. 
Somehow I feel that man, the predator 
upon mammals, birds, fish, amphibia, 
Crustacea, arachnida and mollusca, falls 
short in his glory as the consumer, par 
excellence, of his fellow creatures by 
this unfair discrimination against in¬ 
sects. 

Still more appalling than is our wide¬ 
spread predatism are some of the meth¬ 
ods whereby we daily exploit our more 
or less distant relatives. What term 
would we invent to describe any animal, 
other than ourselves, which consistently 
removed new-born young from their 
mothers and, thereafter, stole for its own 
use the almost sacred maternal fluid 
that is produced solely for the nutrition 
of their helpless offspring? Such be¬ 
havior would be considered as scarcely 
an approved topic for conversation in 
polite society. 

Some of us prefer our eggs as om¬ 
elettes, as a souffle or merely “sunny 
side up.” However we may disguise 
them, we consume almost daily the un- 
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formed young of a fellow traveler along 
one of the divergent paths of life. 

These examples should serve at least 
to indicate that parasitism is a very mild 
form of exploitation as compared with 
the types of predatism that are practised 
regularly by the most “humane” among 
mankind. If, in addition, you care to 
contemplate the refined cruelty of cram¬ 
ming and of pate-de-foies-gras I think 
you will agree that, in the whole realm 
of nature, man, least of all her diverse 
creatures, has cause to point the finger 
of shame at any other form of life which 
lives, in any manner whatever, at the 
expense of its relatives. 

It is not, however, my purpose to 
blacken the face of man in comparison 
with strictly parasitic forms of life. It 
would not, indeed, be difficult to show 
that he himself evinces many tendencies 
in this direction in addition to his other 
crimes. Rather, taking man as he is, I 
wish to establish the fact in your minds 
that we have cause at least to be grate¬ 
ful to many parasites. More than that I 
will not ask. Love is, perhaps, too inti¬ 
mate an emotion. 

The meaning of the word “parasite” 
is extremely vague. Restricted orig¬ 
inally to a class of human society, its 
application has been widened to include 
a most heterogeneous variety of biologi¬ 
cal relationships. What exactly do you 
or I mean by a parasite ? Any standard 
dictionary gives six or seven alternative 
definitions. There are several varieties 
of social parasites and still more numer¬ 
ous nutritive parasites. To the biologist 
there are many more types than those 
that find their way into a dictionary. If 
we consider but one form of life, namely, 
insects, we find that they exemplify sev¬ 
eral different degrees of nutritive para¬ 
sitism. 

First of all there are those which 
spend their entire lives feeding on the 
surface of a host animal. Lice are ex¬ 
amples. Since they never enter their 


host they are termed “ectoparasites.” 
Others, as larvae, arc true endoparasites. 
These live entirely within a host. They 
may or may not feed at all when, as 
adults, they subsequently live an inde¬ 
pendent life. Common examples are the 
warble-flies of cattle. 

A little further removed towards in¬ 
dependence are the so-called parasitic 
wasps or ichneumonids. The majority 
of these live, during their larval life, 
within other insects. As adults, many 
feed exclusively on pollen and nectar 
from flowers. These, certainly, are less 
truly parasitic than are lice. Some 
writers prefer to classify their activities 
by the non-committal term of “para- 
sitoid.” 

The ill-famed bedbug imbibes from 
the nearest victim at mealtimes and then 
retires to its own quarters. Should these 
be included in the category of parasites? 
If so, shall we draw the line between 
them and the flea which, when imma¬ 
ture, finds its food on the ground and 
only when mature relishes a meal of 
blood? It is probable that the majority 
of people would consider the flea to be 
truly parasitic, despite its virtuous early 
life. If then we include fleas shall we 
widen this term by the addition of mos¬ 
quitoes? As larvae these insects feed 
exclusively on material of vegetable ori¬ 
gin. Even after they have reached 
maturity the bulk of their nourishment 
is obtained from the same source. Every 
male dies as he has lived, a strict vege¬ 
tarian. All that a female demands from 
her distant relatives is an occasional 
draught of bloo‘d. This appears to be 
necessary for the development of her 
eggs. For the rest of her career she, too, 
sips nectar from flowers by the side of 
her consort. 

When such a diversity of relation¬ 
ships are called by the same name, and 
when we consider that a dozen addi¬ 
tional types of exploitation could be 
added if we seek elsewhere, it is no won- 
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der that the word “parasite” has a 
somewhat nebulous meaning. In its 
strictest sense it would seem that the 
term, when applied to nutritive relation¬ 
ships, should be restricted to any organ¬ 
ism that obtains all its nourishment 
from a single host animal. All others 
are, in reality, types of predators. 
Since, however, all are variations of the 
same phenomenon we need not, for the 
purposes of this paper, draw very hard 
and fast lines between parasites and 
predators. 

The true parasite rarely kills its host 
in obtaining its dole of nourishment. It 
is, obviously, a remarkably bad stroke of 
business on the part of a parasite to de¬ 
stroy the source of its daily rations. It 
is even bad business to make the host 
aware of the fact that it is being ex¬ 
ploited. From a biological point of 
view the most successful parasite is the 
one that can obtain its nutriment with 
the least discomfort and detriment to its 
host. The mosquito which obtains her 
draught of blood from your neck with¬ 
out your being aware of the robbery 
stands a better chance of raising a fam¬ 
ily at your expense than does her cousin 
whose pilfering is proclaimed by a 
vicious stinging sensation. 

The bites of the so-called “wild” mos¬ 
quitoes, which inhabit sparsely peopled 
regions, are far more painful than are 
those of their “domesticated” relatives, 
which inhabit those parts of the earth 
that have been densely populated for 
many human generations. The present 
inhabitants of the latter regions owe a 
debt of gratitude to their forebears who, 
through ages of unremitting slapping, 
have selected strains of mosquitoes that 
obtain food with the minimum of dis¬ 
comfort to their hosts. 

We, in our generation, do something 
for posterity every time we kill a par¬ 
ticularly vicious mosquito and ignore the 
activities of her milder mannered sis¬ 
ters. To a trifling degree we throw the 


balance for survival in favor of strains 
that cause the least annoyance to man. 

The relentless laws of evolution con¬ 
tinually weed out as unfit to compete for 
immortality, through the medium of 
their descendants, those strains of any 
parasite that are less considerate of the 
welfare of their hosts than are their 
near relatives. 

A perfectly adapted parasite causes 
no appreciable damage to its host apart 
from draining from it a modicum of 
nutriment. This stage of perfection, 
probably, is rarely attained. When it is, 
some writers term the relationship thus 
established between host and parasite 
“symbiosis”—living together. Many 
insects, among which the most familiar 
to us is the ubiquitous cockroach, carry 
from generation to generation colonies 
of bacteria embedded deeply within 
their bodies. A certain number of these 
are transferred from the parent’s body 
to every cockroach egg long before the 
latter is laid. What effect these bacteria 
have on the lives and the happiness of 
cockroaches we are unable to say. Every 
cockroach contains them, and we know 
of no way of removing them. We do 
know, however, that certain hosts obtain 
a direct benefit from their ever-present 
parasites, and that they ultimately be¬ 
come dependent upon them for their 
very existence. When this is the case 
we pass from parasitism, through sym¬ 
biosis, to “mutualism,” or the interde¬ 
pendence of the two organisms. Such, 
for example, is the relationship between 
white ants and the luxuriant fauna of 
protozoa which invariably inhabit their 
alimentary canal. These can be killed, 
without otherwise affecting the white 
ant, by subjecting the latter to an at¬ 
mosphere of oxygen under pressure. 
Deprived of its one-time parasites a 
white ant can no longer digest its nor¬ 
mal diet of cellulose and it dies of star¬ 
vation in the midst of plenty. 

It is even postulated that our own red 
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blood corpuscles may be the outcome of 
an invasion of the blood of our distant 
ancestors by parasitic protozoa. These 
examples, to which many others could 
be added, are of considerable biological 
interest. They show that parasites can, 
if given a sufficiently long period of 
adaptation to their hosts, be modified 
into most valuable companions. As is 
the case in many walks of life, it is the 
novices that cause the greatest havoc. 

Only under most exceptional circum¬ 
stances can predators prove to be tem¬ 
porarily advantageous to the welfare of 
their victims. Man, by protecting his 
intended victims from other forms of 
life that desire to share the feast with 
him, may prolong the lives of some of 
his domesticated animals. Loud, how¬ 
ever, are the complaints when he errs by 
stretching the span of life beyond that 
of gastronomic perfection. 

I have yet, however, to vindicate my 
premises to the effect that parasites are 
actually the friends of mankind. I pro¬ 
pose to attempt so to do, though I an¬ 
ticipate that few of you will agree with 
me in my efforts to show that our own 
specific parasites are more beneficial 
than otherwise. In what I am about to 
say I would ask you to think of man¬ 
kind as a race rather than as a collection 
of individuals. To the individual his 
parasites are naturally unpleasant and 
deleterious. Attempts to consider them 
otherwise have not met with marked suc¬ 
cess. Hermits of old believed with re¬ 
ligious zeal that all things on earth were 
created for the good of man. 44 All 
things’’ necessarily included human 
parasites. These were satisfactorily 
fitted into the creed by accepting the 
dictum that they were created to mortify 
the flesh, which is the ’ sinful part of 
man. Clothed in their unwashed and 
overpopulous garments these ascetics 
had ample opportunity to praise God for 
the activities of His humble workers. 
Fortunately for our bodily comfort, the 


religious attitude towards parasites is 
less heroic at the present day. We have 
no hesitation in employing every means 
at our disposal to protect our bodies 
from all kinds of marauders. 

When, however, we consider mankind 
as representing a mammalian species, 
with all the attributes of other biologi¬ 
cal organisms, we may discover, in the 
parasites of his race, a valuable asset in 
maintaining some of his most cherished 
ideals. 

I need hardly remind you that all 
forms of life over-reproduce. To this 
general biological law man is no excep¬ 
tion. Nearly 150 years ago Malthus 
showed that, under favorable conditions, 
human populations tend to double in 
numbers every 25 years. Who among us 
desires to live under any but favorable 
conditions? This rate of increase was 
exceeded in the early years of the ex¬ 
ploitation of our own continent, at a 
time that preceded nearly all the more 
important life-saving and life-prolong¬ 
ing discoveries. It is obvious, however, 
that the population of any part of the 
world can not continue to increase in¬ 
definitely. Theoretically it can do so 
only until such times as its demands 
equal its supplies. Thereafter it must 
remain moderately constant. This point 
being reached, as Malthus pointed out, 
the checks to further increase come 
under two general headings—preventive 
and positive. 

We need not dwell for long on pre¬ 
ventive checks. These have undoubtedly 
been powerful in the past in crowded 
communities. Some people believe that 
they will become increasingly effective 
and that they will solve the entire prob¬ 
lem of population stability. Such a 
solution is, of course, biologically un¬ 
sound, and is the first step in the direc¬ 
tion of race deterioration and possible 
extinction. 

From the far distant and misty past, 
when life first became a reality on earth, 
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down to the present day, all living things 
have, with reckless abandon, produced a 
continuum of generations, in every one 
of which the individuals have been far 
in excess of the numbers that can sur¬ 
vive. From this superabundance na¬ 
ture, as unremittingly, has made her 
selection of a small minority that she 
judges to be fit to fulfill their destiny of 
continuing this over-reproduction. The 
vast majority she sweeps into the dis¬ 
card. Their lot is to perish miserably, 
or otherwise, provided their demise be 
expeditious. By this relentless persecu¬ 
tion, only, has nature improved her 
diverse forms of life and has brought to 
perfection their various adaptations for 
competing to-day with their all-too- 
numerous relatives. Man is but one of 
these many competitors. Can he afford 
voluntarily to set aside the factor that 
has been paramount in bringing him to, 
and maintaining him at, the physical 
and mental level he has reached ? When 
man ceases to over-reproduce the laws of 
race improvement will cease to operate 
in so far as he is concerned. He will 
stagnate, from an evolutionary point of 
view, in a world in which all other forms 
of life are pressing forward to greater 
and more varied destinies. 

I am, however, of the opinion that 
man, in common with his less intellec¬ 
tual relatives, will continue to over- 
reproduce and therefore to progress as 
a species at the expense of those indi¬ 
viduals in each generation which are 
least fitted to be men. 

Without further consideration of pre¬ 
ventive cheeks we can turn our attention 
to the positive checks—those which re¬ 
move individuals after birth, but before 
they have contributed their full quota 
of offspring to the overnumerous ranks 
of the rising generation. I think most 
of us will agree that, in the past, these 
have been emigration, starvation, disease 
and war. Of these starvation, or the 
fear of it, has played a prominent part 
in engendering the other three. 


The world over, human populations 
have been frequently in danger of reach¬ 
ing saturation point, till one or other of 
these checks temporarily relieved the 
situation. 

The saturation point of many of the 
more densely populated regions of the 
earth has been greatly increased by the 
discovery of areas that were more thinly 
populated because they were less expe¬ 
ditiously exploited. Numerous emi¬ 
grants to these regions have relieved the 
pressure at home and, in addition, they 
have effectively exploited the possibili¬ 
ties of the land of their adoption. Here 
they can produce far more of certain 
necessities to life than they, themselves, 
require. The development of rapid 
world-wide transportation enables them 
to pour their surplus into their native 
land. With this influx of supplies the 
saturation point of these countries has 
increased by leaps and bounds. It now 
far exceeds the possibilities of their own 
resources. The discovery of America by 
white men has increased the world popu¬ 
lation by possibly twice as many indi¬ 
viduals as can be numbered among the 
180 millions who inhabit it. 

In the history of the human race this 
can, however, be but temporary. The 
day must come when all humanity will 
weep with Alexander, and with far more 
reason, because there are no more 
worlds to conquer. Already we see the 
first signs of this on our continent. The 
rapidly increasing progeny of earlier 
arrivals are already putting up the bars 
against their relatives in overcrowded 
countries who would follow in their foot¬ 
steps. 

With the diminution of this outlet for 
surplus population the day draws ap¬ 
preciably closer when man will have 
reached his mean of maximum abun¬ 
dance over the entire earth. He can no 
more escape this destiny than can any 
other form of life. Wars, disease and 
starvation have combined in putting off 
this day. Man is setting his mind as 
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never before to mastering all these 
checks to this steady advance towards 
the inevitable. What will be the result 
if he succeeds in his endeavors ? 

Whatever the size of the family, once 
the mean of maximum abundance is at¬ 
tained, an average of two only can sur¬ 
vive. Darwin made this abundantly 
plain many years ago, but man, in vari¬ 
ous parts of the world, continues to 
struggle against this law. Among the 
Chinese, in a land the population of 
which had reached its maximum cen¬ 
turies ago, despite many wars, much 
disease and appallingly wide-spread 
starvation, every man still feels that he 
must have at least twelve children in 
order that two may survive to do 
homage to his old age. The fate of the 
ten who are doomed to perish at an un¬ 
timely age appears to us to be tragic. 
They merely exemplify nature’s univer¬ 
sal method of procedure; over-reproduc¬ 
tion in order to assure adequate sur¬ 
vival. 

Fluctuating as is the mean of maxi¬ 
mum abundance that the laws of nature 
allow to any species, a marked increase 
during any abnormally favorable period, 
be it long or short, inevitably spells 
additional misery to all succeeding gen¬ 
erations till the population is, once 
more, reduced to its proper level. Dur¬ 
ing this readjustment period nature, 
more drastically than at other times, 
weeds out for survival the few that are 
the best equipped to vanquish their most 
implacable rivals—brothers, sisters and 
cousins—for all of whom there is no 
longer room on earth. The more pro¬ 
lific the animal, the more drastic is the 
mortality in every generation. The ma¬ 
jority of insects lay 300 eggs. Since, of 
the insects that should hatch from these, 
an average of two only can survive, 298 
(i.e., 99.3 per cent.) must perish with¬ 
out reproducing in order to maintain 
their status quo with other forms of life. 
At times, nature, for a period, relaxes 


her persecution of some insect and al¬ 
lows the mortality to drop to, let us say, 
a mere 90 per cent. It is not long there¬ 
after that man cries as did the prophet 
Joel, 14 That which the palmerworm hath 
left lias the locust eaten; and that which 
the locust hath left has the cankerworm 
eaten; and that which the cankerworm 
hath left, has the caterpillar eaten.” 

But nature never fails to take her re¬ 
venge at the expense of future genera¬ 
tions. She raises her harvest to 99.9 per 
cent., or higher still, if needs be, in 
order to force her upstart offspring back 
into the niche that she has prepared for 
it by her infinitely slow but perfectly 
adjusted laws of maximum survival. 

These laws apply, with no less rigid¬ 
ity, to man. Slowly as he may increase 
his numbers as compared with his more 
lowly relatives, the difference is only in 
degree, not in kind. If in the present 
generation the total world population is 
increased, future generations must pay 
the bill. 

The statement that all men must die 
is axiomatic. To this must, however, be 
added the corollary that a large per¬ 
centage must do so before they arrive at 
the stage of parenthood. The grim har¬ 
vester of the childless is implacable. As 
the vacant spaces of the world fill up he 
becomes increasingly insistent in his de¬ 
mands. Struggle as man may to avoid 
the inevitable, there is no escape. One 
or other of the pruning knives must fall. 
Which of these, starvation, war or dis¬ 
ease, is the least detrimental to the 
future development of the human race? 
To this trio we might add, with increas¬ 
ing significance, a fourth—namely, 
4 4 accident. * 9 The auto is already assum¬ 
ing a prominent role in holding popula¬ 
tions more nearly to their status quo in 
many parts of the world. 

Starvation, war and disease. All have 
had their share in the past in regulating 
human populations. All will, doubtless, 
continue to do so in the future. Is it 
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not as well then for us to consider each 
in turn and to discuss its relative mer¬ 
its! Bach by itself is ghastly. One, 
however, that is the least so, or one that 
shows some redeeming feature in that its 
operation tends to improve the caliber 
of the survivors, is a veritable haven of 
refuge from its more devastating com¬ 
petitors. Our effort at the present time 
is, quite naturally, to avoid all three of 
them for ourselves and for our children. 
We are willing to let future generations 
decide for themselves to which they will 
submit when nature presents her bill for 
the overdraft. In this endeavor man¬ 
kind reveals his fundamental selfishness. 

Among primitive races, dwelling in 
confined areas, starvation has doubtless 
been a potent pruning knife for trim¬ 
ming the family tree. It must be borne 
in mind, however, that this is nature’s 
last resort, which is employed only when 
all else has failed. Whole nations have, 
in the past, been decimated by starva¬ 
tion. Can any one imagine a similar 
occurrence among modern 4 * civilized ’ 9 
communities! Could you postulate a 
democratic nation content gradually to 
starve when neighbors have ample! 
Commercial rivalry may be a somewhat 
distant forerunner of actual starvation. 
Who would deny, however, that this has 
been the cause of many recent wars! 
The desire for adequate nourishment is 
so deep-seated in every animal that no 
biological urge can arouse enmity more 
rapidly among fellow creatures than its 
denial. I believe that starvation will 
never again play a direct and wide¬ 
spread part in maintaining the status 
quo of populations. It will always be 
preceded or accompanied by war, 
whether in the form of individual kill¬ 
ings, revolutions or trumped-up wars of 
national honor against neighbors. De¬ 
mocracy has given the hungry an equal 
voice with the well-fed in expressing his 
opinions and, through the medium of 
the vote, in enforcing them. Whatever 


might be the ultimate effects of starva¬ 
tion on the race they are subservient to 
those produced by its consort, war. 

War is distinctly unpopular in the 
minds of the majority of people at the 
present time as an acceptable means of 
removing surplus populations, and 
rightly so. In the past it has been 
man’s most favored method of regulat¬ 
ing population difficulties. It has ap¬ 
peared to be the most logical means for 
adjusting the difficulties that arise when 
demand is somewhat in excess of supply. 
It may be claimed that many wars in the 
history of mankind have not had their 
origin in actual or imminent shortage of 
supplies. There can, however, be no 
argument but that every war has re¬ 
sulted in the reduction of population. 
They have, to that extent, served their 
purpose and have obviated the necessity 
for later wars in which self-preservation 
would have been the sole motive. 

War as a check to overpopulation is, 
however, more biologically unsound than 
is restriction of birth. Truly it has been 
said that those who live by the sword 
shall die by the sword, if this be inter¬ 
preted as applying to communities and 
not necessarily to individuals. No com¬ 
munity, which in the interests of self- 
preservation makes war on its neighbors, 
would hazard the risk of sending its 
weaklings, either physical or mental, to 
bear the brunt of the fray. The best 
they have in manhood goes forth, many 
of them never to return. To their 
weaker brethren falls an undue share in 
assuring race continuity. It is inevita¬ 
ble that this type of selection, when in¬ 
dulged in frequently, must lead to race 
deterioration. The day will surely come 
when the community, deprived not only 
of those who lived by the sword, but also 
of those who would have been their 
progeny, will die by the sword of a more 
favorably selected strain of neighbors. 

Although there is to-day an increasing 
realization that war is unethical, uneco- 
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nomical and that it outrages all princi¬ 
ples of beneficent race selection, I, for 
one, can not believe that it is a passing 
phase of human activity. Human na¬ 
ture can not be remodeled in a single 
generation, and only very slightly in a 
hundred. Fashions, admittedly, change 
with every season. Twenty years ago 
men who, for one reason or another, did 
not reveal any eagerness to go out and 
fight were liable to be decorated with a 
white feather at the hand of a feather¬ 
brained girl. How fashions have 
changed in twenty years! Fashions are, 
however, only a veneer that but ill dis¬ 
guises the true nature of the object be¬ 
neath. From the dawn of life on this 
earth till to-day man, or his ancestors, 
has fought his fellow men for his very 
existence and survival. Because your 
forefathers and my forefathers strug¬ 
gled ceaselessly against, and vanquished, 
the potential parents of myriads of other 
men and women, we and not they, in¬ 
habit the earth to-day. You and I are 
the product of aeons of bloodshed and 
hatreds. We may not feel very grateful 
for the legacy, but the parent who read¬ 
ily abandons her offspring in the inter¬ 
ests of her neighbor’s will never make a 
very powerful human appeal. 

In the year of grace 1934, mankind, 
as he completes his million to the nth 
generation of internecine warfare, pro¬ 
claims : 4 ‘Every one of my myriad ances¬ 
tors who, because he fought, survived to 
reproduce his kind was in the wrong. 
The world should have been peopled 
with the progeny of those who died at 
their hands, and I have no right to be 
here. Beginning with my million to the 
nth plus one, generation I declare my¬ 
self purged from my hereditary taint. 
I am henceforth reincarnated. Inci¬ 
dentally, of course, all my neighbors are 
reincarnated also.” 

This is an excellent resolve. All suc¬ 
cess to his efforts! Surely, however, in 
such a quest he will need powerful 


friends. He looks to be rather a poor 
lost mite as he carves out his new des¬ 
tiny in a universe where brother has 
fought brother incessantly from the 
dawn of life to the present day in which 
• amoeba still ingluves amoeba and the 
elephant trumpets over his dying rival. 

Where, in such a world, is he to find 
friends who will aid him in his high re¬ 
solve? Only, it would seem to me, in 
those allies that are always on hand to 
reap for him the supernumeraries of his 
kind, his own parasites, his diseases. 
Provided these supernumeraries are 
brought into the world at the same mad 
rate that they have been in the past, and 
evolutionary progress demands that 
they must be, somewhere must be found 
the harvester of the immature. Emigra¬ 
tion and starvation have nearly run 
their course in making room for those 
who are left behind. Man, and may God 
prosper his resolve, is determined never 
again to lay his sickle to the super¬ 
abundant harvest. Already he contem¬ 
plates placing it aside and is drawing 
plans whereby it may be beaten into a 
cradle-rocker. Rather wisely, however, 
he is not putting his plans into effect 
just yet but is keeping it in the attic till 
he is assured that his neighbors are like- 
minded. A cradle-rocker is a poor im¬ 
plement to seize should the cry go forth, 
“Harvest or be harvested V 9 Have we 
sound reasons for believing that this cry 
has been heard for the last time on 
earth? For how long can man hope to 
live up to his new-formed ideals? The 
answer, I submit, depends chiefly upon 
the activities of his friends and enemies, 
his own parasites. If, with relentless 
insistence, they garner a sufficiently 
abundant harvest of the childless to as¬ 
sure that there is room for all that re¬ 
main, then, and then only, it would seem 
to me, can man hope that neither he nor 
his neighbors will succumb to his hered¬ 
itary instinct to fight for his own preser¬ 
vation and for that of his children. 
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This may appear to be a ghastly alter¬ 
native to war. Surely it is infinitely 
preferable. Association with those who 
are struck down with disease tends, at 
all events, to bring out the best in human 
nature, sympathy and self-denial. Cer¬ 
tainly not the adjuncts of war, enmity 
and brutality. War takes from us of 
our best, disease those whom we pity the 
most because they were not so blessed in 
physique as are the common run. Of 
course there are tragic exceptions. 
There are also exceptions in the case of 
war, but the general tendency of disease 
is to improve the race; that of war to 
deteriorate it. 

There is no denying that war and dis¬ 
ease have been the major regulating fac¬ 
tors of human populations in the past. 
Provided the number of births continues 
to be in excess of deaths from accident 
or old age one or both must remain in 
office. For my own part 1 can not 
visualize a world (in which there is a 
measure of individual freedom of ac¬ 
tion) in which there is a perfected med¬ 
ical service and an absence of armies. 
Such concepts are mutually antagonis¬ 
tic, and no world can be, for long, large 
enough to contain both of them. 

Bound as we are to fight those invidi¬ 
ous enemies, the parasites of the individ¬ 
ual, they yet constitute the most potent 
friends of mankind as a race in his grop¬ 
ing towards brotherly love. 

All honor to those who burn the mid¬ 
night oil, who impair their own health 
and who imperil their very lives in their 
efforts to wrest their fellow men from the 
scourge of disease. Theirs is perhaps 
man’s most lofty ideal, but, pray God, 
for the sake of mankind, that they be not 
too successful in their efforts. 

Many of you may even yet feel that 
I have failed utterly to prove that para¬ 
sites are, or ever could be, friends of 
mankind. If so, I regret that my proof 
has failed to convince you. It will be 
necessary, therefore, for me to bring for¬ 


ward conclusive evidence to the effect 
that you and I exist on earth simply by 
the grace of parasites. I would draw 
your attention for a few minutes to the 
debt we owe to those parasites which 
hold in check the numbers of our most 
insistent rivals—apart from our fellow 
men—the plant-feeding insects. 

Ages before the ancestors of man had 
escaped from the ocean, mother of all 
life on earth, the dry land already 
teemed with insects. 

It is probable that it was from the 
tidal shores of some Devonian ocean 
that a trilobite-like creature, for the first 
time in the history of animal life, not 
only succeeded in living out of water, 
but completed the emancipation of its 
descendants by depositing eggs that 
hatched without submersion. This 
lonely creature, ancestor of all insects, 
donated to these descendants all the dry 
land of earth from pole to pole. Over¬ 
crowded as was the ocean, there were as 
yet no competitors for the luxuriant 
vegetation that covered the vast moun¬ 
tains, valleys and plains of earth. 
Surely this insolent speck of animal life, 
by invading an entire new world, would 
be swallowed up in the very enormity of 
its undertaking. 

Armed, however, with a good diges¬ 
tion and a superabundant fecundity it 
was not long—only a few millions of 
years—before its descendants were seri¬ 
ously overcrowding each other in every 
part of the earth that was habitable to 
them. By the carboniferous age they 
had acquired wings the better to escape 
from each other and to seek pastures 
new in which they might browse in 
peace. Even this phenomenal aid to 
rapid dispersal could counteract for but 
a time the menace of their own fecun¬ 
dity. The time must surely arrive when 
the demands of the insect population, in 
various parts of the earth, would be in 
excess of the vegetation that it could 
produce. By its very success insect life 
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was threatened with extinction, until 
this life took advantage of its own ex¬ 
cesses. Certain groups of insects became 
adapted to feed upon their plant-feeding 
relatives. At first there were simply 
scavengers or predators, but later many 
of them developed into true parasitoids. 

From that time onwards insects have 
never regained their status as the domi¬ 
nating form of life on earth. Popular 
magazine articles to the contrary, I, per¬ 
sonally, believe that the age of insect 
ascendancy on earth has passed. It was 
terminated by the insects themselves 
when they learned to parasitize each 
other. Not only did this terminate for 
all time the possibility of any further 
marked increase in insect populations, 
but it made room for the safe invasion 
of the dry land by the ancestors of man 
and his relatives. 

A marvelously adjusted balance was 
soon established between the abundance 
of those insects which still fed on vege¬ 
tation and those which, as parasites, 
became dependent upon their numbers 
for their own numerical strength. This 
balance holds to the present day. It is 
not, however, a matter of very great 
surprise that there is still an intense 
rivalry between these one-time lords of 
creation and their comparatively recent 
competitor, man. Man is now beginning 
to realize that the most effective weapon 
he can employ in combating them is to 
call to his aid those all-powerful allies, 
their parasites. 

Both the plant-feeding host insects 
and their parasites are capable of pro¬ 
digious over-reproduction in every gen¬ 
eration. Both, however, are held to 
about the same number from year to 
year on account of the abundance or the 
scarcity of each other. The host insects 
are prevented from increasing by the 
annual decimation of their youth by the 
parasites, and the latter fail to increase 
their numbers because they do not allow 
the host to become sufficiently abundant 


to provide dwelling places for any in¬ 
crease in their own families. 

Vagarities in the climate of any year 
may, however, favor an unusually large 
survival of either host or parasite. If it 
be the host that is thus favored this au¬ 
tomatically provides the parasites with 
opportunities to raise abnormally large 
families. The result is that the next 
generation of host insects have an un¬ 
usually large number of parasites seek¬ 
ing their destruction. 

We are all more or less familiar with 
outbreaks of plant-feeding insects. For 
a few years some species of cutworm or 
grasshopper gives a limited demonstra¬ 
tion of its ability to increase in numbers. 
During this period we, their inevitable 
rivals, feel that we are most unright¬ 
eously cheated out of more than the 10 
per cent, of the earth's produce that we 
still concede to our declining foes. Were 
it possible for a cutworm outbreak of 
world-wide extent to continue for half 
a dozen years, and for the initial rate of 
increase in population to be maintained 
throughout this period, there could be 
but one outcome in so far as man is con¬ 
cerned. He would be starved out of ex¬ 
istence, unless perchance he discovered 
that he could satisfy the requirements of 
his body by eating fresh cutworms in 
summer and preserved ones in winter. 

Insect outbreaks, however, do not last 
indefinitely. Farasites are not slow to 
take advantage of the increased number 
of their host in order to reveal their own 
powers of increase. By the end of the 
second year of an outbreak, at the 
latest, myriads of cutworms fail to turn 
into moths that normally would have 
laid their 300 cutworm-producing eggs. 
Instead they give rise each to a parasite, 
which is loaded with 300 cutworm- 
destroying eggs. Under such circum¬ 
stances it can be but a matter of a few 
years before the outbreak has been ter¬ 
minated by them. Thus do man's allies 
and friends, parasites, prolong his lease 
of life on earth. 
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It is true that this relationship be¬ 
tween the abundance of host and para¬ 
site is complicated by many interacting 
factors. Possibly it will never be thor¬ 
oughly understood by man. We can, 
however, grasp its most salient charac¬ 
teristics. Furthermore, we can utilize 
this relationship to our own great advan¬ 
tage. 

In 1843 a French naturalist, de 
Poitiers, made the then original sugges¬ 
tion that native predatory beetles could 
be utilized by man for the control of 
caterpillars in gardens. This was hardly 
a practical suggestion. We now know 
that it is only by importing parasites 
from distant countries that we can ex¬ 
pect to obtain a marked benefit from 
interfering with their activities. 

It was not until nearly 1900 that the 
exportation of insect parasites from one 
country to another had been proved to 
be an effective method in insect control. 
To the United States belongs the greatest 
credit in developing this, the most logi¬ 
cal method for holding the numbers of 
injurious insects in check. The reason 
for this is, to some extent, due to the 
fact that here, more than in any other 
country, alien insects seriously menaced 
not only many phases of agriculture but, 
in addition, the natural beauty and the 
forest reserves of the entire continent. 

Early arrivals from Europe soon dis¬ 
covered that the Indian had not been an 
expert in developing the fruits and 
other vegetation that were native to 
America. If they desired “improved 
strains’* they had to import them from 
their home countries. This led to the 
extensive importation from Europe and 
elsewhere of fruit trees and bushes, of 
ornamental trees and shrubs and of the 
roots or seed of herbaceous plants. Un¬ 
fortunately, on some of the vegetation 
that was brought to this country, there 
were occasionally a few eggs or other 
developmental stages of insects that nor¬ 
mally fed upon it in the home country. 


All too many of these were able to con¬ 
tinue their development in the new land. 
At the time no one realized the menace 
of this handful of undesirable aliens, 
and could hardly foresee that they 
would prove to be a greater detriment 
to agriculture and to fruit production in 
America than were the countless mil¬ 
lions of insects that already inhabited 
the country. Never in Europe had in¬ 
sects, such as the codling-moth, the 
cabbage-butterfly, the gipsy-moth, the 
larch-sawfly, or the more recently im¬ 
ported corn borer, to mention but a few, 
done a fraction of the damage that they 
proceeded to do in eastern America. 
Not only did they ruin many of the im¬ 
ported plants, but, increasing in leaps 
and bounds, insects such as the larch- 
sawfly and gipsy-moth began the utter 
destruction of any native trees that met 
with their food requirements. 

In Europe the larch-sawfly had been 
recorded as a somewhat inconspicuous 
insect that was occasionally found feed¬ 
ing on larches. There all interest ceased 
until it was accidentally imported into 
the Arnold Arboretum in Boston in 
1882. In 1883 it had already spread to 
Canada. The following is a quotation 
from the report of the Dominion Bot¬ 
anist, Dr. W. Fletcher, which was made 
a few years later: “After three to four 
years of being stripped, the larches over 
millions of acres, and practically over 
the whole of eastern Canada, were al¬ 
most wiped out. With this large de¬ 
struction of its food plants the insect 
practically disappeared . 99 

The history of the gipsy-moth in 
America since 1896, when some half 
dozen of its caterpillars escaped in the 
vicinity of Boston, is too well known to 
require a detailed repetition here. It 
will suffice to recall that, during the next 
forty years, their progeny devastated 
millions of acres of forest and orna¬ 
mental trees. At the end of this period 
it appeared that, despite everything that 
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could be done, the brains of man were 
outmatched by the fecundity of the 
gipsy-moth. There was grave danger 
that it might gradually devastate the 
whole of the continent with the excep¬ 
tion of northern Canada which, fortu¬ 
nately, lies beyond its climatic range. 

Why should the gipsy-moth prove 
such a scourge in America ¥ It was well 
known to those of us who passed our 
youth in Europe. There, it was just 
“one of the insects ,, of woodlands of 
which there were occasional outbreaks 
which might last for a year or two and 
then subside. Why, then, in America 
was this outbreak permanent until such 
time as it subsided simply because the 
caterpillars had destroyed everything on 
which they could feed? The answer, of 
course, is that, though the gipsy-moth 
had found a home in the New World, 
none of the parasites which normally 
live at its expense in Europe had man¬ 
aged to emigrate with it. By 1913, how¬ 
ever, man had mastered the gipsy-moth, 
but his mastery was attained only 
through the medium of parasites. 

When, after overcoming obstacles 
which, at times, appeared to be insur¬ 
mountable, he succeeded in introducing 
from Europe several of its most impor¬ 
tant parasites the end of the gipsy- 
moth’s reign of terror was in sight. It 
is true that the infested area continues 
to increase despite all direct efforts on 
the part of man to prevent it, but close 
on the heels of the caterpillars will fol¬ 
low its relentless parasites, whose sole 
business in life is that of decimating 
their numbers. Despite this increase in 
invaded territory the status of the gipsy- 
moth is changing from that of an un¬ 
mitigated scourge to that of an addi¬ 
tional, albeit unwelcome, insect that 
inhabits the woodlands of America. 
This is possibly the most decisive vic¬ 
tory that man has won over his age-long 
rivals, It will be seen, however, that 
this victory was won, in reality, by para¬ 
sites that man called to his aid. 


More recently a portion of Ontario 
and of a few neighboring states has been 
invaded by the European com borer. 
This insect, if left to its own devices, 
threatened to ruin the entire corn- 
growing industry of North America. 
Vast sums of money have been expended 
on mechanical methods and for poisons 
in an effort to prevent it from spreading 
to territory that is at present uninfested. 
Effective as many of these have proved 
to be, they are but temporary expedi¬ 
ents; expensive and laborious stop-gaps 
that serve a valuable purpose until the 
parasites which have been hurried from 
Europe will assume the permanent role 
of holding down the population of the 
com borer. Parasites, of course, will 
never exterminate the host insect, but, 
once they are established, their numbers 
will steadily increase at its expense till 
no further increase in the population of 
either is possible. Although the plant- 
feeders may still be present in sufficient 
numbers to cause serious damage there 
are henceforth definite limits to their 
destructiveness. 

A somewhat different employment of 
parasites is now being attempted on the 
Canadian prairies. In recent years the 
wheatstem-sawfly has ruined thousands 
of acres of wheat. This is a native in¬ 
sect. It is not, therefore, in the same 
class as is an imported pest. Before the 
days of agriculture it was a rather rare 
insect on the prairies. How are we to 
account for its phenomenal increase T 
The answer is that we have imported a 
foreign plant which this sawfly inhabits 
in preference to its native home. The 
sawfly lived originally only in the stems 
of native grasses. Now it lives in the 
stems of wheat. 

Parasites that attack its grubs in 
grass-stems fail to do so very effectively 
when they inhabit tfheat. Thus, by a 
somewhat unexpected route, the sawfly 
has escaped from its parasites, and man, 
as is usual under such circumstances, is 
a heavy loser. What can be done in a 
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case like this! We know of no very sat¬ 
isfactory method for forcing the recal¬ 
citrant Canadian parasites to attack the 
sawflies that inhabit European wheat. 
In Europe there is, however, a close 
relative of our American sawfly that 
also lives in wheat. It never does very 
much damage in England, because there 
it is in a state of equilibrium with a 
number of parasites which attack it in 
wheat stems. If we were to bring some 
of these English parasites to Canada 
would they attack our Canadian sawfly 
grubs in wheat stems here ? Could they 
reduce its population to the insignificant 
numbers of its English relatives? It is 
too early to hazard an answer to these 
questions. Parasites have been brought 
over and have been liberated here. 
Some of them have succeeded in surviv¬ 
ing our severe winter, but we do not, as 
yet, know how successful they will be. 

I have selected a few somewhat spec¬ 
tacular examples of the use to which man 
is learning to put parasites. This art is 
as yet in its infancy. However successful 
the results may be, they are of in¬ 
finitely minor importance when com¬ 
pared with the debt we owe to the ever¬ 
present parasites of our thousands of 
native species of plant-feeding insects. 
The majority of these are «o rigidly held 
down to small numbers year in and year 
out that we never even trouble our heads 


about them. Under certain combinations 
of climatic conditions a few of them, un¬ 
fortunately for us, manage occasionally 
to elude, to some extent, the attentions 
of their parasites. When this occurs 
the entomologist becomes, for the time 
being, a person of considerable impor¬ 
tance. People have even been known to 
listen to a complete ten-minute address 
by him on the radio, under the stress 
of the situation. 

During these “outbreaks” losses may 
run to several millions of dollars in ad¬ 
dition to the large sums of money that 
are expended on control measures. 
Usually only one, or at most two, insect 
species are concerned in an outbreak. 
Picture the situation, however, if all 
species of plant-feeding insects were 
liable to occur in outbreak numbers on 
account of some vagarity in our climate. 
The fact that our native parasites do 
keep down the numbers of practically all 
of them, year in and year out, despite 
every variation in climate, doubtless re¬ 
duces your respect for entomologists, 
reduces the number of highly paid po¬ 
sitions for entomologists and has given 
me time to prepare this paper which I 
am inflicting on you. 

Despite these manifest failings, I still 
claim that parasites have every right to 
your respect and thaf they are, more 
than otherwise, the friends of mankind. 
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In the olden times when the filaments 
of incandescent lamps were exposed to 
public view in bulbs of clear glass, it 
was possible to make quite an interesting 
experiment with a magnifying glass. By 
holding the glass in the right place an 
image of the filament could be formed on 
the wall of the room—a small bright 
one with the glass held near the wall, 
and a large pale one, which jumped 
about a good deal, with the glass held 
near the lamp. 

It is quite well known, of course, how 
these images are produced, but that 
won’t stop ine from telling you. It’s 
done by refraction. When a beam of 
light passes from air into glass its direc¬ 
tion is changed—it is turned through a 
certain angle and the angle isn’t always 
the same. It is zero when the beam 
comes straight at the glass surface and 
gets larger as the light comes at the sur¬ 
face more and more obliquely. So we 
have a way of turning a beam of light. 
We hold a piece of glass, say an inch 
thick, across a beam of light—if we hold 
it straight across, the light goes straight 
through without turning. If we turn 
the glass so the light meets the surface 
obliquely, then the 'beam is turned as it 
passes into the glass. It is turned in the 
same direction the glass has been turned, 
only not so far. But then when it comes 
out the other side it gets turned back 
again—so that all that has happened 
really is that the beam has been moved 
over a bit. But now suppose that in¬ 
stead of a plate of glass we have a wedge- 
shaped piece—the sides not parallel- 
then the two deflections won’t just com¬ 


pensate one another as they do when the 
sides are parallel, and the beam will 
leave the prism, as a wedge-shaped piece 
of glass is called, in a different direction. 
It will have been deflected away from the 
thin edge of the wedge. Now, you see, 
the thicker the wedge the greater the 
deflection, because, regarded as a wedge, 
the glass plate with parallel sides was 
the thinnest possible—and then the de¬ 
flection was zero. And here, of course, 
by thickness we mean the angle between 
the two faces and not the thickness in 
inches, which for a prism would be a bit 
vague. 

Now suppose we look at our magnify¬ 
ing glass. It has two rounded surfaces 
—portions of spheres as a matter of fact. 
What happens when we hold it in front 
of our old-fashioned lamp bulb? Well, 
consider the light which is coming from 
one single point on the filament—a part 
of it is coming straight at the center of 
the lens—if it gets a slight deflection as 
it passes into the glass, it gets a nearly 
equal one in the opposite direction as it 
passes out because if we were to hold 
stiff cards against the lens, one where the 
light enters and the other where it 
leaves, the two cards would be nearly 
parallel—so far as this particular bit of 
light knows, it has passed through a 
glass plate and it isn’t deflected. But 
what about other beams or pencils of 
light from the same point on the fila¬ 
ment? We look at one which strikes 
near the edge of the lens. If we do the 
same trick with the cards we find that 
they make quite a considerable angle 
with one another—so this beam of light 
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is deflected quite a lot—away from the 
edge and so toward the beam that went 
straight through. Now perhaps you see 
how it is—the more the beam misses 
going through the center of the lens, the 
more it is deflected towards the center— 
all these beams which passed through 
the different parts of the lens have a 
chance of coming together again some¬ 
where beyond. Well, that's just what 
they do; they all come together at a 
point and this point lies on the beam 
which passed through the center of the 
lens and was not deflected, because this 
is one of the whole collection of beams 
which comes together. So, you see, all 
the light which started from a single 
point on the filament and passed through 
the lens has come together again at a 
single point beyond the lens. And this 
goes from all other points on the filament 
which send light to the lens—each of 
them has its own light brought together 
in a point or focus and all these foci 
taken together constitute the image of 
the filament which appears on the wall 
and so impresses the children with our 
cleverness. 

Now I am really supposed not to be 
talking about light at all but about elec¬ 
trons. The quickest way of getting over 
where I belong is to say that the filament 
of the lamp sends out not only light but 
also electrons, which is illuminating if 
you happen to know what electrons are, 
but not otherwise. For the benefit of 
those who know what light is but are a 
bit rusty on electrons, I will say that 
they are quite small electrically charged 
particles which are more numerous per¬ 
haps than anything else in the universe. 
They flow through the lamp filament and 
keep it hot, and some of them come 
popping out through the surface. They 
do not get far, however, not those which 
come out of the filament of an incan¬ 
descent lamp. They are caught in the 
electric field inside the bulb, whisked 
about over curved paths and sent back 
into the filament. They do not affect the 


lamp one way or the other. It would 
look just the same if they did not come 
out at all. In a radio tube things are 
different. It is the electrons that count 
and not the light. It is arranged so that 
the electrons, instead of going back into 
the filament, flow from the filament 
across to a metal plate and then out of 
the tube through a wire. Just how this 
makes it possible for you to hear what 
I am saying is rather a long story with 
which we are not now concerned. The 
point is that hot filaments send out two 
things, light and electrons. In the in¬ 
candescent lamp we make use of the 
light; in the radio tube we make use of 
the electrons. 

And now we ask this question. We 
have seen how it is that an image of the 
filament can be formed with light—can 
the same thing be done with electrons T 
Can all the electrons which come from a 
single point on the filament—or a lot of 
them be brought together at another 
point, and can this be done for all points 
so that an image of the filament is 
formed in electrons as in light ? 

Well, it does not look easy. In the 
first place, the electrons do not come out 
through the glass bulb, so if we want to 
form such an image we will have to form 
it inside the bulb. Even so, how are we 
going to see it, suppose we do succeed in 
forming it? We can not be inside the 
bulb ourselves and even if wc could 
electrons can not be seen the way we see 
light with our eyes. When we form an 
image of the lamp filament on the wall, 
the light is scattered by the paper—some 
of it enters our eyes and so we see it. 
Well, this, as it happens, is the least of 
our difficulties. There are a lot of dif¬ 
ferent substances—zinc sulfide, for one 
—which when electrons strike them, 
shine out. They shine out only where 
they are struck, so that if we had our 
electron image formed we could see it by 
having it on one of these fluorescent 
screens. It is a special kind of wall 
paper, so to speak, suitable for seeing 
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electron image*. Well, it is something 
to know we could see it if we had it. All 
we have to do now is to figure out how 
to produce it. 

One way of not doing is to use a mag¬ 
nifying glass, because, of course, elec¬ 
trons do not go through glass. They do 
not go through anything really—not to 
go in one side and come out the other— 
not the ones we can work with conveni¬ 
ently in a bulb. 

But there are more ways than one of 
killing a cat. Why send the electrons 
through a solid material at all, especially 
as it can not be done. The reason for 
sending the light through the lens was 
to deflect it. The deflection was the im¬ 
portant thing—not the sending through. 
Even with light the sending through is 
not essential; the direction of a light 
beam can be changed by reflection and 
light images can be formed by properly 
shaped mirrors. But here again the 
method can not be used with electrons; 
there is no such thing as an electron 
mirror. 

We just forget about glass lenses and 
curved mirrors and think of the ways in 
which beams of electrons can be de¬ 
flected. There is no difficulty in deflect¬ 
ing electrons. It is more difficult not to 
deflect them. They are deflected in mag¬ 
netic fields and in electric fields. Let us 
take an ordinary radio tube and make a 
small hole in one of the plates that en¬ 
close the filament. If we apply a posi¬ 
tive potential to the plate—that is, if we 
connect the positive end of a battery of 
dry cells to the plates and the negative 
to the filament—then the electrons which 
come out of the hot filament will be 
drawn across to the plates. They move 
like falling bodies; their speed is contin¬ 
ually increasing from the time they leave 
the filament until they reach the plate. 
Some of them will pass through the small 
'hole and continue on as a beam. While 
we are about it, we will suppose that we 
have joined a long tube to the radio bulb 
opposite the small hole in the plate and 
that we have set up one of those fluores¬ 
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cent screens at the end of it which shines 
out where electrons strike it. The beam 
strikes the screen and a spot shines out. 
If we bring up a magnet to the side of 
the long tube, the spot moves across the 
screen—the beam is deflected by the field 
of the magnet. If we try this with a 
beam of light, nothing happens. 

We now place in the tube two metal 
plates so that the beam passes between 
them and connect the two plates to the 
ends of another battery of dry cells. 
When the connection is made the spot of 
light on the screen jumps to a new posi¬ 
tion. The beam has been deflected 
toward one of the plates and away from 
the other. We reverse the connections 
and the beam is deflected i,n the opposite 
direction. A beam of electrons is de¬ 
flected by an electric field. Try this on 
a beam of light and again nothing hap¬ 
pens. 

Well, you see we have two ways of 
altering the direction of a beam of light 
—by reflection and by refraction—and 
two ways of altering the direction of a 
beam of electrons by a magnetic field 
and by an electric field. In the optics of 
light the problem is to so shape our re¬ 
flectors and our refractors as to cause the 
light radiating from a luminous point— 
or a part of it—to come together again 
at some other point—to be brought to a 
focus. The answer to the problem is 
curved mirrors and glass lenses. 

In the optics of electrons the problem 
is to so shape our magnetic fields and 
electric fields that the electrons emitted 
from a point will likewise be brought to 
a point focus. We have been working on 
this problem of shaping fields into lenses 
at the Bell Telephone Laboratories now 
for several years; Mr. Zworykin at the 
R. C. A. Laboratory in Camden has been 
working on it; a lot of people in Ger¬ 
many have been working on it, and we 
have all had quite a lot of success. We 
all produce images of hot surfaces in the 
electrons which they emit and we all 
produce electron images of wire gauzes 
and of holes punched in metal plates. 
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This is like producing an image of a lan¬ 
tern slide on a screen—only these images 
are produced in electrons instead of 
light. How is it done? Well, in the 
first place, the electrons must always be 
speeded up by an electric field as hap¬ 
pens when they pass from filament to 
plate in a radio tube. Then those which 
started from a given point on the 
emitting surface must be deflected by 
different amounts according to the dif¬ 
ferent paths they may be on so that their 
paths will all cross at a point on the 
fluorescent screen. One way of accom¬ 
plishing this is to pass them through a 
small circular coil of wire carrying an 
electric current—there is a magnetic 
field in and about such a coil and it hap¬ 
pens that its shape—its distribution—is 
such that it behaves with respect to elec¬ 
trons as a glass lens does with respect to 
light. It brings the electrons which pass 
through it to a focus. There is the same 
sort of correspondence between emitting 
points and foci as in the light optical 
case—so that the assemblage of foci 
forms an image of the emitting surface. 

Another way of doing the same thing 
is to pass the electrons through a hole in 
an electrically charged plate—the field 
about such a hole has just the right shape 
or distribution to serve as a lens. Mag¬ 
netic lenses are always positive; that is, 
they are always like convex glass lenses 
—they always try to bring electrons 
toward a focus somewhere beyond. Elec¬ 
tric lenses are different—they are posi¬ 
tive or negative, depending on the 
potential or voltage of the plate contain¬ 
ing the hole relative to other parts of 
the system. The hole we imagined cut 
in the plate of the radio tube would be a 
negative lens; it would be like a concave 
glass lens—it would fan out slightly the 
electrons passing through it so that they 
would be proceeding from a focus back 
of the plate, not toward one in front of 
it. To produce an image on the screen 
we would have to use at least one more 
plate containing a hole. By passing the 
electrons through holes in two plates 


and having the plates at the right volt¬ 
ages the trick can be turned—an image 
can be formed on the screen. 

But why bother? Why go to all the 
trouble of building up these systems in 
vacuums to produce images in electrons 
when perfectly good light images can be 
produced so much more easily? Well, 
there are a number of reasons. I will 
mention one of them only. The highest 
magnifying power worked with micro¬ 
scopes is about 3,500. This is not be¬ 
cause microscopes of higher magnifying 
power can not be made. We could just 
put one microscope above another if we 
liked and have a magnifying power of 
3,500 times 3,500. Why isn’t this done? 
Well, it is a matter of resolution. The 
light from a point in the object does not 
appear as a point in the field of the 
microscope—it appears as a spot, a very 
small spot, but nevertheless a spot. So 
that two points in the object, if they are 
very close together, will produce two 
spots which overlap and so appear to the 
observer as one spot. The points in the 
object are not resolved, as we say, in the 
field of the microscope. And if we added 
a second microscope to the first, they 
would not be any better resolved in the 
field of the second—they would not be 
as well resolved in fact. Now the size of 
these spots, and so the resolving power 
of the microscope, are determined in 
part by the wave-length of the light— 
the greater the wave-length the larger 
the spot and the lower the resolving 
power. This is why some microscopes 
are made to operate with ultra-violet 
light—the wave-length is less and the 
resolving power higher. Now electrons, 
strangely enough, have wave-lengths like 
light—only they are very much less—of 
the order of one one-thousandth that of 
ultra-violet light. The situation is then 
that the ultimate limit of resolving power 
for an electron microscope is about a 
thousand times higher than for a light 
microscope. We are a long way from 
attaining this limit, but we are on our. 
way. 
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THE LIVING CELL 

By Dr. ROBERT CHAMBERS 

PROFESSOR OF BIOLOGY, WASHINGTON SQUARE COLLEGE, NEW YORK UNIVERSITY 


The invention of the compound mi¬ 
croscope in the seventeenth century led 
to the discovery that all living organ¬ 
isms, both plant and animal, from the 
largest to the smallest, are composed of 
minute bodies called cells. These cells 
are such highly organized and self- 
sufficient units that millions of organ¬ 
isms consist of just one cell, for instance, 
all bacteria. 

There are two good reasons why we 
are interested in living cells; one is our 
natural curiosity regarding these minute 
structures which embody the mystery of 
life and, second, the realization that in¬ 
vestigations concerning cells bring us to 
the very root of the problem as to how 
the organs of our bodies function. It is 
the knowledge of this upon which medi¬ 
cal science depends. 

Cells have been a favorite object of 
study for a long time, but only within 
comparatively recent years has it been 
possible to subject them to experimental 
analysis. One of the difficulties is their 
small size. If we were to take average 
sized cells and spread them over an area 
of 1 square inch we would need 400 to 
500 million cells to cover the space. An¬ 
other difficulty is getting at them with¬ 
out the risk of injuring them. The great 
majority of the cells are bound together 
firmly to constitute the organs of our 
bodies. Others, which are among the 
smallest of cells, lie in the blood and 
body fluids where they are free to move 
about. 

One of the most prpmising methods 
devised within the last twenty years for 
examining living cells depends upon the 
discovery that tiny fragments cut from 
living tissues will survive in a drop of 
blood outside the body. The cells in the 
fragment spread out and continue to 
grow and multiply under conditions 
where they can be clearly observed 


through a microscope. Another useful 
method has been made possible by the in¬ 
vention of a mechanical contrivance 
which enables the experimenter to use 
exceedingly fine glass needles for ma¬ 
nipulating individual cells in the highly 
magnified field of the microscope. In 
short, the past fifteen years have been 
marked by developments which enable 
us to work on the problem in a much 
more direct manner than had been pos¬ 
sible before. 

At present what do we know about the 
cell? We know a great deal of what it 
is capable of doing, but we arc woefully 
ignorant of how it does it. This is be¬ 
cause our knowledge of its constitution 
is still in its veriest infancy, and even 
our speculations regarding it are far 
from satisfactory. 

It has been shown experimentally that 
the cell is a fluid body, marked off from 
its surroundings by a well-defined bound¬ 
ary or membrane. If our bodies were 
composed of nothing more than these 
cells we would be only flabby lumps of 
jelly. However, many of the cells de¬ 
posit about them solid materials which 
form our bony skeleton and, in plants, 
the woody parts. 

The fluid of the cell is in constant mo¬ 
tion, although some parts are denser 
than others. Such differences in density 
suggest some kind of an internal organi¬ 
zation. Within this fluid we find an oval 
or round body which is invariably pres¬ 
ent. It is called the nucleus of the cell. 

The membrane which encloses the 
fluid cell has such surprising properties 
that some investigators regard it as 
being that part of the cell which is 
chiefly responsible for the processes 
which make life possible. It has the 
faculty of selecting certain substances to 
pass into the cell and it rejects othere. 
This membrane is not a permanent fix- 
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ture but is constantly being broken down 
and as constantly being repaired. The 
properties of the membrane are so in¬ 
triguing that we have to-day a school of 
so-called membrane physiologists who 
are experimenting in the laboratory with 
all sorts of membranes and films in the 
search of a material which will, in some 
measure, duplicate the properties of the 
living cell membrane. On the basis of 
this idea one of the prime functions of 
the materials within the cell seems to be 
to keep its membrane intact and in the 
proper working order. 

The condition of this membrane may 
be illustrated by a crude analogy of a 
country at war with a thin line of de¬ 
fending troops surrounding it. As long 
as the line is intact all is well. The 
personnel of the line is ever chang¬ 
ing through individual replacements. 
Wherever the line breaks reinforcements 
are rushed from the interior to fill the 
gap. From the air the interior of the 
country appears to be in turmoil with 
troops and lorries traveling in all direc¬ 
tions. Evidence of orderly arrangement 
is most apparent along the thin extended 
line surrounding the whole. Such is the 
cell membrane. The life of the cell and 
indeed life in general is a continual ad¬ 
justment of internal to external condi¬ 
tions. This means continual work with 
a constant expendiutre of energy, which 
is obtained by the cell through nourish¬ 
ment. 

How long do cells live? To answer 
this question we must first realize that 
all cells can divide into two young 
daughter cells. This process of cell di¬ 
vision is periodic and, in the interval 
between successive divisions, the two 
daughter cells grow to the size of the 
mother cell. In young organisms the 
cells multiply rapidly from hour to hour. 
As the organism ages the rate slows 
down until, when maturity is reached, 
many cells may carry on for years with¬ 
out appreciable change. However, if an 
injury should occur the cells can again 
divide and grow until they have replaced 


the mutilated tissue. This indicates that 
the potentialities for continued growth 
are still present, even in old organisms. 
Under normal conditions these growth 
potentialities are held in check. Other¬ 
wise, there would be nothing to stop the 
cells from converting us into continually 
growing and monstrous giants 1 

The latent ability of cells to grow 
without control flares into activity in the 
dread disease of civilization, cancer. 
The cells which are affected by this dis¬ 
ease lose their subordination to the gen¬ 
eral economy of the body. They con¬ 
tinue to multiply and grow to form the 
insidious tumors which destroy the body 
in which they grow. 

Cancer differs from the usual human 
afflictions in being a peculiar state of the 
living cell. In other diseases our resis¬ 
tance is lowered because our cells weaken 
and we succumb because our cells die. 
In cancer, on the other hand, the in¬ 
volved cells are healthy and vigorous, 
but they are so altered as to have lost 
their original functions. They persist 
and grow as living cells but with rela¬ 
tionships which are chaotic and vicious. 

It is an interesting fact that several of 
the activities characteristic of the living 
cell have been successfully imitated with 
lifeless chemical compounds. This is 
nothing new. For many years investi¬ 
gators have prepared mixtures of vari¬ 
ous substances which are amazingly 
lifelike. They simulate cells in the way 
they move, subdivide and even grow in 
size. Some of these mixtures even take 
up oxygen and give off carbon dioxide, 
thus breathing superficially in the same 
way that cells do. 

One of the properties of all living cells 
which is especially evident in cancer 
cells and which still baffles imitation is 
the periodic rejuvenation and develop¬ 
ment of fresh vigor each time the cells 
divide. The pronounced manifestation 
of this property in cancer cells suggests 
that the essential problem of cancer and 
of cellular physiology are one and the 
same. 
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PSYCHOLOGY AND REEMPLOYMENT 

By Profesaor MORRIS S. VITELES 

DEPARTMENT OP PSYCHOLOGY, UNIVERSITY OP PENNSYLVANIA 


“What am I going to do about a 
job?” is a question which gives more 
concern to each of us—at one or another 
time of our lives—than any other that is 
ever asked. At the moment it overshad¬ 
ows all others in the minds of 7 or 8 
millions of people who are out of em¬ 
ployment. Perhaps to a greater degree 
than most of us suspect this query is 
bothering the young people in our high 
schools and universities, to whom the 
future presents itself in the form of a 
large question mark with respect to the 
important problem of how they are 
going to earn their living. 

The depression has given additional 
emphasis to this question of the job. It 
must be remembered, however, that it is 
present even during so-called prosperous 
or rich years. It always presents a 
problem to young people who are for the 
first time faced with a choice of a career. 
It is also becoming a question of increas¬ 
ing importance to men in their prime 
who are thrown out of jobs which they 
have held for many years because of 
changes in methods of work or because 
of variations in demand that make their 
particular jobs unnecessary. To such 
men particularly the fear of continued 
unemployjnent is an ever-present spec¬ 
ter. And, it is important to note, few 
experiences can be more disturbing to 
mental health than the haunting fear of 
losing a job under which so many em¬ 
ployed workers are laboring to-day, or 
the discouragement, the hopelessness, the 
sense of futility awakened- by the inabil¬ 
ity of the individual to sell his services 
in the labor market. 

A recent study by Hall, 1 of the Per- 

*0. M. Hall, “Attitude! of Unemployed and 
Employed Engineers,” Pen, Jour,, 12: 222-28, 
1988. 


eonnel Research Federation, gives evi¬ 
dence of this relationship between unem¬ 
ployment and morale. A group of 
unemployed and a group of employed 
engineers were compared with regard to 
occupational morale, attitudes toward 
employers as a class, etc. Seventy-five 
per cent, of the unemployed men had 
poorer morale than the average employed 
men, and 68 per cent, were more antag¬ 
onistic toward employers as a class. 

The morale of destitute men who had 
been given “work relief” or “made 
work ’ 9 was found to be definitely better 
than the morale of men who, although 
similarly destitute, had not received such 
help. The morale of employed men who 
anticipated losing their jobs almost any 
time was as low as that of unemployed 
men who were in no particular need. In 
general, the results support the opinion 
that the grave consequences of unem¬ 
ployment reach beyond material discom¬ 
fort, beyond the disintegration of skill 
and health, to undermine a man's atti¬ 
tudes toward his fellows and toward 
political and social institutions. 

According to one estimate, 10,000,000 
men who have been employed on white- 
collar jobs will be forced, during the 
next 10 years, into manual jobs. 2 An¬ 
other 15,000,000 manual workers will 
find it necessary to transfer to jobs re¬ 
quiring skills other than those to which 
they have been trained. Men thrown 
out of work by technological changes 
and for other reasons over which they 
have no control must be quickly fitted 
into new forms of work or into already 
existing occupations where jobs are made 
available by a decrease in the number of 
work-hours or through other measures. 

*W. B. Pitkin, “More Power to You,” p. 
13, Simon and Schuster, New York, 1938. 



In the cage of these men there is no 
time to be wasted in trying out one or 
another job until by chance each finds 
that for which he is adapted. The rapid 
adjustment and effective use of this 
mail-power require an exact analysis, by 
appropriate psychological techniques, of 
qualifications for work. Only in this way 
can there be sound And rapid reeduca¬ 
tion and placement of each in accordance 
with the new needs of industry and with 
the specific qualifications of each worker 
involved. This means also that tradi¬ 
tional notions of vocational fitness must 
give way to the use of psychological 
methods in measuring human capacities, 
temperamental traits, interests and skills 
that underlie job success. The findings 
and work of the Stabilization Research 
Institute of the University of Minnesota, 
of the Adult Vocational Guidance Clinic 
conducted by the speaker and of the 
Vocational Adjustment Service of New 
York point to the possibilities in this 
direction. The proposal for testing cen¬ 
ters in public employment offices may 
well mark the end, in the United States, 
of the attitude that natural selection will 
ultimately place each individual in his 
proper economic niche, and the opening 
of an era of classification and placement 
on the basis of an exact knowledge of 
each individual’s fitness for work.* 

The analysis of individual ability, 
emotional characteristics and interests is 
only the first step in a scientific program 
for putting displaced labor into new 
fields of employment. This must be 
supplemented by psychologically sound 
training programs for teaching men the 
new jobs for which they ere qualified. 

Industry and vocational schools can 
very well cooperate to their mutual ad¬ 
vantage in the formulation and adminis¬ 
tration of such programs. Industry, for 

* D. G. Paterson, in J. G. Dnrley, D. G. 
Paterson, I. E. Peterson, “Occupational Test¬ 
ing and the Public Employment Office," p. 4, 
Employment Stabilisation Research Institute 
Bulletin No. 19, UniT«*ltjr of Minnesota, 1838. 


example, can facilitate transfer 
the organization by training its experi¬ 


enced workers—particularly the older 
ones—in the principles and practises of 
the jobs to which each can be most easily 
transferred in case of replacement of his 
job by machines, of changes in company 
practises or of temporary economic de¬ 
pression. 

The application of this policy may 
mean, for example, that meter readers in 
an electric and gas utility will be trained 
not only in the approved practises of 
meter reading, but will also receive de¬ 
tailed instruction in the work of the bill 
collector, the job to which meter reading 
is related most closely on the organiza¬ 
tion chart. Employees in traditional 
coke gas-making plants will become ac¬ 
quainted with the reformed oil process, 
in preparation for the day when a shift 
in operating practise may be found nec¬ 
essary, etc. That this is a practicable 
program has been demonstrated in the 
work of a number of progressive organi¬ 
zations, such as the Philadelphia Electric 
Company, which have formulated snch 
training plans as an aid in transferring 
to available jobs employees who would 
otherwise be dropped from the payroll. 4 

The vocational school also has a re¬ 
sponsibility in this connection. Many of 
them are still training men for trades 
which have either disappeared or been 
completely transformed in the last 10 
years. It is apparent that the entire 
program of vocational education in the 
schools is in need of reorganization, so 
that training may cover the exact proc¬ 
esses now employed and trades or jobs 
in the process of development. There is 
also reason to believe that the vocational 
schools can make a most important con¬ 
tribution in increasing the general skill 
and dexterity of those whom they trains 

Wherever poaaibie, it is necessary for 
vocational schools to conduct training so 

*M. 8. Vitales, “Adjustment in Industry 
through Training," Ears, /our., 11 1 U8-80C 


1933. 
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as 'to create in the individual a set of 
fundamental skills that can be used in 
many jobs, thereby providing for quick 
adaptation 1o rapidly changing forms 
of work. How to develop such adapt¬ 
ability is a psychological problem. The 
cooperation of the psychologist is needed 
in formulating methods which will be 
adequate from the view-point of under¬ 
lying psycho-physiological processes as 
well as from the view-point of the work¬ 
ing situation. In formulating these tech¬ 
niques certain fundamental questions 
will have to be answered—such questions 
as: 

Is there a small number of basic ca¬ 
pacities underlying skill which can 
be developed in order to create in the 
individual a set of fundamental skills 
that can be used in many jobs, thereby 
providing for rapid adaptation to rup- 
idly changing forms of work? 

Is then* a transfer of skill ? How can 
it be used in promoting a better adapta¬ 
tion to work ? 

Is it possible to make, early in the life 
of the individual, an analysis of specific 
abilities and other traits as a basis of 
outlining a training program best 
adapted to his needs, to avoid placement 
in an occupation in which he can attain 
only the proficiency level of the “margi¬ 
nal worker”? 

These and similar problems are being 
investigated in the psychological labora¬ 
tory to-day. The answer given to them 
will to some extent determine the 
measures to be taken by society in ad¬ 


justing men to the rapidly changing 
needs of industry or perhaps, in certain 
instances, of controlling these changes 
better to meet the fundamental needs of 
men. 

As Thorndike, of Columbia Univer¬ 
sity, has pointed out, “a steady, indus¬ 
trious, reliable worker has qualities of 
body and mind and morale which arc too 
important to be wasted because some 
industrial change has destroyed the 
value of the special work which he has 
hitherto performed. Provision for his 
transfer to suitable and available work 
must be made. This calls for an ex¬ 
tended public program of individual 
analysis, retraining and replacement, as 
a focal point for individuals who need 
guideposts to economic stability and oc¬ 
cupational adjustment. The past few 
years have shown the bewildering lack 
of such guideposts. Individuals need to 
be directed to economic stability through 
occupational analysis and individual 
planning. The fulfilment of this need 
calls for the development of a new type 
of social institution—the Adult Occupa¬ 
tional Adjustment and Employment 
Service. The progress that has already 
been made in the establishment of such 
centers and in the development of sound 
psychological techniques for their use 
represents a distinct advance in the 
direction of a healthier occupational sys¬ 
tem.'' 

E. L. Thorndike, “Adult Learning,“ p. 
180, Macmillan Company, New York, 1928. 

« J. G. Parley, 1>. O. Paterson and I. E. Peter¬ 
son, op. cit ., p. 28. 



MIRROR MAKING BY THE EVAPORATION 

PROCESS 

By ROBLEY C. WILLIAMS 

DEPARTMENT OF PHYSICS, CORNELL UNIVERSITY 


Recently a laboratory technique has 
been developed for coating glass surfaces 
with metals, which bids fair to displace 
the former processes by which silver was 
chemically precipitated upon glass. The 
deposition of the metal is done by evap¬ 
orating it in a vacuum chamber and con¬ 
densing the metal vapors upon the glass 
to be coated, which is nearby in the 
chamber. The process accordingly has 
come to be called the ‘ * evaporation proc¬ 
ess/ 9 Mirrors made in this way are 
generally front-surface mirrors and are 
of great value to the scientist for the 
properties of hardness, untarnishability 
and reflectivity. 

The uses and possibilities of this proc¬ 
ess are manifold. Mirrors for use in 
work where excellence and uniformity 
of the metal surface is demanded, and 
where unusual reflecting properties are 
advantageous, are best made by evapora¬ 
tion. Glass diffraction gratings, with 
thirty thousand rulings to the inch, have 
been coated with metal in this fashion, 
and so thin is the film that the rulings 
have not been noticeably filled in, while 
the brilliance of the spectrum obtained 
from the grating has been increased 
many-fold. Quartz fibers for electrome¬ 
ter suspensions are made conducting by 
evaporating upon them a layer of gold. 
This was formerly done more slowly by 
sputtering. Films can be made of vary¬ 
ing thicknesses and yet thin enough to 
transmit some light, and hence can be 
used as light filters. Cellophane has 
been coated with aluminum and then 
used as a window on an x-ray tube, the 
aluminum serving to filter out the soft 
x-rays. 

To astronomers in particular the proc¬ 
ess is attractive. Until now all glass 
astronomical mirrors have been covered 
by chemically deposited silver, which 


limits the range of wave-lengths that 
can be investigated in stellar spectra. 
Of course, the opacity of the earth’s 
atmosphere prevents photographing 
wave-lengths shorter than 3000 Ang¬ 
strom units, but silver becomes rela¬ 
tively useless at 3500 Angstrom units. 
Consequently this ultra-violet region 
from 3000 to 3500 Angstrom units has 
been investigated for only the brightest 
stars. The advent of evaporated alu¬ 
minum mirrors allows the astronomer to 
examine stellar spectra of wave-length 
as short as the atmosphere transmits, 
and furnishes him further with a mirror 
surface which will not tarnish and which 
is considerably harder than the silver- 
on-glass surfaces. 

The process is not new, and several 
have contributed to its present state of 
development. Its forerunner was the 
cathodic “sputtering” technique by 
which a metal is bombarded in a partial 
vacuum by high-velocity ions of a suit¬ 
able gas, and pieces of the metal are 
knocked off. The glass to be coated is 
in the same chamber, and the metallic 
particles which have been “sputtered” 
off adhere to the glass. The deposition 
goes on very slowly and is limited prac¬ 
tically to small surfaces. Metals which 
form oxide coats, like aluminum, can not 
be readily deposited by cathodic sput¬ 
tering. 

As long ago as 1894 Edison realized 
the possibility of thermally evaporating 
metals in a high vacuum, and he ob¬ 
tained a patent upon this idea in that 
year. He experimented with three 
methods of deposition: the use of an arc 
the electrodes of which were of the metal 
to be deposited; the heating of a wire of 
the desired metal almost to the melting 
point with consequent slow sublimatiop; 
the use of carbon vessels as heating ele- 
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THE FIRST MULTIPLE-FILAMENT APPARATUS USED AT CORNELL TO 
COAT LARGE MIRRORS BY EVAPORATION 


meats upon which the metal was to be 
placed. Evidently the technique was 
none too successful, for little was done 
with it at that time. 

Subsequent to Edison's patent, vari¬ 
ous patents were granted upon varia¬ 
tions of the principal idea, but no sig¬ 
nificant advance was made until about 
1929. Some years prior to this a valu¬ 
able spectroscopic instrument had been 
perfected, the Fabry-Perot interferome¬ 
ter, which has as its principal parts two 
plane, half-silvered, glass plates. Al¬ 
though opaque silvering is done very 
successfully by the chemical process, it 
is almost impossible to obtain satisfac¬ 
tory half-transparent films. Conse¬ 
quently, experimentalists at the Physi- 
kalische Technische Reichsanstalt in 
Berlin investigated the evaporation 
technique for use with these interferom¬ 
eter mirrors. They were aided by the 
developments that had been made in 
producing tungsten wire of all sizes and 


were able to use this metal as the heat¬ 
ing element instead of the carbon tried 
by Edison. They were very successful 
in employing the method for half-silver- 
ing and obtained films of silver that 
were uniform, unpitted and capable of 
reflecting 95 per cent, of the incident 
light. Furthermore, they produced 
films of aluminum alloys that gave excel¬ 
lent reflectivity in the ultra-violet region 
of the spectrum. 

About a year later work on the proc¬ 
ess was begun in this country at the 
California Institute of Technology and 
at Cornell University. These institu¬ 
tions developed vacuum chambers which 
allowed experimentation with many 
shapes and sizes of glass and with the 
use of a plurality of heating elements. 
In the summer of 1931 the Cornell in¬ 
vestigators began to consider the possi¬ 
bility of using the process for large 
astronomical mirrors. They hoped to 
find a metallic surface to take the place 
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of chemically deposited silver which tar¬ 
nishes, reflects very poorly in the ultra¬ 
violet and is quite soft. The following 
summer they coated the Lowell Observa¬ 
tory 15-inch mirror with chromium, and 
used this in an attempt to photograph 
the ultra-violet spectrum of the corona 
during the 1932 total solar eclipse. 
Chromium was chosen for its extreme 
permanence and its excellent relative 
ultra-violet reflectivity. This mirror 
was the first astronomical mirror to be 
coated by the evaporation process. The 
work has been extended so that at the 
present time there are numerous institu¬ 
tions working on the problem. The 36- 
inch astronomical mirror of the Lick 
Observatory, which has recently been 
covered with aluminum in a 40-inch 
vacuum chamber at the California Insti¬ 
tute of Technology, is the larges mirror 
yet coated. 

As previously stated, the essential 
parts of the apparatus are a vacuum 
pumping system, a vacuum-chamber to 
contain the glass surface, and the heat¬ 
ing elements, and supports for the 
electrically-heated tungsten wires upon 
which is placed the metal to be evap¬ 
orated. For the first, a large oil fore¬ 
pump and a mercury or oil-diffusion 
pump is used. Since a pressure of about 
one ten-millionth of atmospheric pres¬ 
sure is needed, the pumps must be fast 
and efficient. The vacuum-chamber is 
generally a glass or metal dome waxed 
down to a metal bed-plate with low 
vapor-pressure wax. In the bed-plate 
are mounted insulated lead-wires which 
connect to the tungsten wires to be 
heated. The tungsten wire is generally 
wound into a straight helix or a conical 
helix, and the metal to be evaporated 
placed within. The object to be coated 
is placed in the chamber and is often 
suspended inverted over the tungsten 
filaments at a distance of a few inches. 
The glass surface must be cleaned with 
Utmost care, and a method of cleaning 
by electron bombardment has recently 


been developed at the California Insti¬ 
tute. After the glass and filaments have 
been placed in position and the desired 
vacuum obtained, the actual evapora¬ 
tion of the metal takes only a few min¬ 
utes. The mirrors thus made require no 
further treatment and, in fact, an at¬ 
tempt at polishing may result in mar¬ 
ring them. The films are only about one 
one-hundred-thousandth of an inch 
thick, and hence fit the contour of the 
glass surface exactly. 

The properties of these metallic films 
for use as mirrors vary widely. At the 
present writing about twenty-five differ¬ 
ent elements have been evaporated. In¬ 
cluded are common elements like silver, 
gold, copper and aluminum, and rarer 
ones like germanium, selenium, palla¬ 
dium and beryllium. Those elements 
with extremely high melting points or 
which attack the tungsten filament upon 
being heated are extremely hard to 
evaporate. The former problem is being 
solved at the Massachusetts Institute of 
Technology, by bombardment of the 
metal to be evaporated by high-velocity 
electrons. The ideal metallic mirror 
coating, of course, is one that is perma¬ 
nent and hard, and which possesses high 
reflectivity throughout the spectrum. 
No element yet evaporated fully satisfies 
all these requirements. Chromium is so 
hard and resistant that it can be re¬ 
moved from glass only with abrasives, 
yet its reflectivity is below that of some 
other metals. Although some other 
metals have a higher reflectivity than 
aluminum in certain regions of the spec¬ 
trum, aluminum has an average reflec¬ 
tivity for the entire spectrum range 
higher than that of any other metal. 
Furthermore, due to the formation of a 
thin, transparent oxide coating over the 
metal surface, aluminum films do not 
tarnish, but they are too soft to be ideal. 
Aluminum is the best all-around mirror 
surface yet developed, however. Alloys 
have been worked with, and there are 
possibilities that eventually the ideal 
mirror will be produced from them. 
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THE BERKELEY MEETING OF THE AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


The ninety-fourth meeting of the asso¬ 
ciation was held at Berkeley in June 
under the joint auspices of the Univer¬ 
sity of California and the Pacific Di¬ 
vision of the association. It attracted a 
large attendance; 1,164 persons regis¬ 
tered for the meeting and several hun¬ 
dred others who failed to do so partici¬ 
pated in some of its numerous sessions. 
Nine tenths of the registration came 
from the region included in the Pacific 
Division, the remaining one tenth from 
more distant localities, a number from 
foreign countries. This meeting was the 
second national meeting in the San 
Francisco Bay Region, a previous sum¬ 
mer meeting having been held in 1915 
during the Panama-Pacific Exposition. 

Details ais to arrangements for the 
meeting were left largely in the hands of 
the local committee. Besides its custom¬ 
ary duties it was called upon to assem¬ 
ble the program material and to prepare 
it for printing and to handle publicity. 
By an arrangement with Mr. Austin H. 
Clark, the preparation of news releases 
and other details in connection witli pub¬ 
licity were delegated to Mr. George A. 
Pettitt, of the University News Service, 
who organized and conducted a press 
bureau where abstracts and manuscripts, 
as well as the necessary physical facili¬ 
ties, were available to news corre¬ 
spondents. This news service was widely 
used and instrumental in securing exten¬ 
sive publicity for the meeting not only 
in the local but also in the national press. 
Authority for preparing programs was 
largely delegated to secretaries pro tem, 
appointed for the meeting by the perma¬ 
nent secretary on nomination of the local 
committee, and most of the associated 
societies delegated the responsibility for 


assembling their programs to local rep¬ 
resentatives. This innovation proved 
very successful since it promoted a close 
contact between the local committee and 
the various persons responsible for the 
preparation of programs. It also facili¬ 
tated assignment of rooms and provision 
of physical facilities, since the local rep¬ 
resentatives were familiar with condi¬ 
tions at Berkeley. This arrangement 
was no doubt largely responsible for the 
smoothness with which the meeting was 
carried out. 

The meeting occupied an entire week, 
Monday to Saturday, inclusive, from 
June 18 to 23, 1934. The first plan was 
to devote morning periods to scientific 
sessions; afternoons to informal confer¬ 
ences, excursions, field trips, social af¬ 
fairs, etc., and evenings to general ses¬ 
sions featuring speakers of national 
prominence. When the program mate¬ 
rial was received, however, it so far ex¬ 
ceeded expectations that most of the 
sections and societies were forced to 
schedule additional sessions, with the 
result that afternoon periods were also 
largely given over to scientific sessions. 

Five evening sessions were arranged 
by the permanent secretary, Dr. Henry 
B. Ward, and they were well attended, 
not only by participants in the meeting 
but also by the general public. On suc¬ 
cessive evenings Dr. Joel H. Hildebrand 
delivered the retiring address of the 
president of the Pacific Division on 
“The Liquid State”; Dr. L. Dudley 
Stamp delivered the third Hector Maiben 
lecture on ‘ 4 Planning the Land for the 
Future”; Dr. J. C. Merriam spoke on 
‘ ‘ Responsibility of Science with Relation 
to Government Problems”; Dr. E. B. 
Wilson discussed the topic, “Are There 
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AIRPLANE VIEW OF THE BERKELEY CAMPUS OF THE UNIVERSITY OF CALIFORNIA 
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Periods in American Business Activ¬ 
ity and Dr. Karl T. Compton deliv¬ 
ered an address on “ Science and Pros¬ 
perity.” The assignment of the Hector 
Maiben lecture to the summer meeting 
was particularly appreciated; and it is 
hoped will lead to the development of 
other special features for forthcoming 
summer meetings. 

At business sessions of the Pacific 
Division, Dr. Bailey Willis, emeritus 
professor of geology in Stanford Uni¬ 
versity, was elected president of the 
division, succeeding Dr. Joel H. Hilde¬ 
brand, and Dr. W. V. Houston, professor 
of physics in the California Institute of 
Technology, was elected to the executive 
committee in succession to Dr. 8. J. 
Barnett, professor of physics in the Uni¬ 
versity of California at Los Angeles. 

Besides the general sessions a number 
of features arranged by sections and 
societies were of more than special inter¬ 
est. These included addresses by E. A. 
Sperry on “The Automatic Pilot”; by 
Gote Turesson on “Ecotype Constitution 
and Geographic Distribution”; by Pro¬ 
fessor H. C. Thompson on “Relation of 
Temperatures and Length of Day to 
Reproduction in Plants”; and by Robley 
D. Evans on “Radioactivity and the 
Age of Meteorites.” Dr. C. A. Kofoid 
presented the new edition of the Canti 
film with slides, and original films on 
“American Mammalian Trypanosomia¬ 
sis” by Dr. C. A. Kofoid and on “Devel¬ 
opment of the Amphibian Egg” by 
Professor J. A. Long were shown at 
another public session. On Friday, 
through the courtesy of the Common¬ 
wealth Club of California, national 
officers, speakers and presiding officers at 
the general sessions of the association 
were present as guests of the club ait its 
regular luncheon meeting in the Palace 
Hotel in San Francisco, at which Dr. R. 
A. Millikan spoke on “Science and Na¬ 
tional Welfare. ” 

Social features of general interest in¬ 
cluded a reception held on Monday 


evening, following the opening general 
session, at which music, dancing and re¬ 
freshments were enjoyed by those in 
attendance; and general teas on Tuesday 
afternoon at the Women’s Faculty Club 
and on Wednesday afternoon at the In¬ 
ternational House, at which a program 
of Japanese music, dancing and flower 
arrangement was featured and Japanese 
ladies in native costume served refresh¬ 
ments. Besides the general social events, 
numerous luncheons and dinners were 
arranged by special groups. Some of 
these dinners were followed by programs 
of various kinds; as, for example, the 
biologists’ dinner, at which Dr. A. F. 
Blakeslee gave a demonstration of differ¬ 
ences in perception as to taste and smell 
and spoke briefly on the inheritance of 
such variations; the engineers’ dinner, 
at which the Daniel Guggenheim Medal 
was presented to William Edward 
Boeing, and Chester Harvey Rowell 
spoke on ‘ ‘ Regimenting the Professions, 
Engineers Included”; the physicists’ 
dinner, at which Professor R. W. Wood 
spoke on “The Physicist as a Detec¬ 
tive”; and the psychologists’ dinner, a it 
which Dr. E. R. Guthrie delivered the 
presidential address on “Skill and Asso¬ 
ciative Learning.” The numerous 
luncheons, dinners and other social af¬ 
fairs unquestionably contributed largely 
to the informal and friendly atmosphere 
which was characteristic of the meeting. 

Special affairs arranged for visiting 
ladies included a garden tour, a tour to 
Mills College, a personally conducted 
trip to Chinatown and a tea at the Col¬ 
lege Women’s Clubs. Besides these af¬ 
fairs visiting ladies participated in the 
general social events and in the lunch¬ 
eons and dinners arranged by special 
groups. Excursions were also arranged 
to DaVis to visit the branch of the Col¬ 
lege of Agriculture; to Mt. Hamilton to 
inspect the Lick Observatory; to Stan¬ 
ford University, where a special program 
was arranged and a booklet descriptive 
of the university was % distributed; and to 
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PORTRAIT OP BAILEY WILLIS 

EMERITUS PROFESSOR OF GEOLOGY IN STANFORD UNIVERSITY, NEWLY ELECTED PRESIDENT OF THE 

Pacific Division, A. A. A. 8. 


the California Academy of Sciences, 
which nerved a complimentary buffet 
luncheon to about 175 persons in their 
Simson African Hall. Visitors were 
given an opportunity to inspect the de¬ 
partments and exhibits of the academy 
and in the afternoon they were given a 
free automobile bus tour of San Fran¬ 
cisco through the courtesy of the San 
Francisco Chamber of Commerce. 

On Tuesday afternoon many of the 
university departments held open house, 


at which an attempt was made by means 
of informal exhibits and demonstrations 
to acquaint visitors with research activi¬ 
ties of the university. A special exhibit 
of books of epochal significance in the 
history of science, selected under the 
supervision of Professors H. M. Evans 
and J. W. Thompson, attracted a great 
deal of attention. A booklet containing 
annotations on the items included in the 
exhibit was prepared and printed for 
the meeting. The exhibit included an 















THE PROGRESS OF SCIENCE 


281 



STEPHENS UNION BUILDING 

HEADQUARTERS OF THE ASSOCIATION FOR THE BERKELEY MEETING. TlIE REGISTRATION OFFICE 
AND QUARTERS FOR THE NATIONAL OFFICERS WERE LOCATED HERE, ALSO SPACIOUS LOUNGING ROOMS 
WHICH SERVED AS A CENTRAL GATHERING PLACE DURING THE MEETING. 

extensive collection of portraits of scien- versity collections were thrown open to 
tific worthies, mostly in the form of en- inspection throughout the week, 
graving, from the private collection of Space forbids any detailed account of 
Professor H. M. Evans and portions of the special programs of sections and 
the Hearst Medical Papyrus. The Na- associated societies. Of the fifteen active 
tional Park Service, through the cour- sections of the association, fourteen were 
tesy of Ansel F. Hall, placed a large represented by extensive programs. No 
collection of relief models of national attempt was made to arrange a program 
parks on exhibit. Besides the specially in geology and geography, owing to the 
prepared exhibits, a number of the uni- fact that associated societies in this field 



LIFE SCIENCES BUILDING 

IN WHICH MOST OF THE SESSIONS IN THE BIOLOGICAL SCIENCES AND IN RELATED FIELDS WERE 

HELD, 
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PORTRAIT OF JOEL H. HILDEBRAND 

PROFESSOR OF CHEMISTRY IN THE UNIVERSITY OF CALIFORNIA, RETIRING PRESIDENT OF THE PACIFIC 

Division, A. A. A. S. 


on the Pacific Coast had held a joint 
meeting in Berkeley in April, which was 
well attended and brought forth a very 
extensive program. Nevertheless, this 
field was represented by a joint luncheon 
conference of the Committee on Ocean¬ 
ography of the Pacific and the Western 
Society of Naturalists. Eight hundred 
and fifty papers are listed in the special 
programs and 36 associated societies and 


other organizations cooperated with the 
sections in the meeting. Copies of the 
complete program may be obtained from 
the permanent secretary. 

Several sections which frequently are 
not well represented at association meet¬ 
ings presented extensive programs at 
this meeting. The Social and Economic 
Sciences, in cooperation with the Econ¬ 
ometric Society, the American Statist!- 
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cal Association and the Western Farm 
Economic Association, presented a pro¬ 
gram consisting of no less than twelve 
sessions and in addition joined with 
Agriculture in a three-day pi’ogram on 
“Land-Use Planning.” Agriculture was 
also represented by a specially arranged 
symposium on “Weed Control,” in 
which fundamental features of the prob¬ 
lem were emphasized, and by sessions of 
the Western Society of Soil Science, 
which devoted one day to a symposium 
on “Phosphate,” and of the American 
Society of Agronomy (Western Branch). 
The Historical and Philological Sciences 
and the Medical Sciences were repre¬ 
sented by a unique symposium on the 
Hears! Medical Papyrus, portions of 
which were included in the exhibit of old 
books. The program of the Medical 
Sciences opened with a memorial service 
in honor of Dr. William H. Welch, at 
which J. McKeen Cattell presided and 
Ray Lyman Wilbur spoke on the life and 
work of Dr. Welch. The remaining por¬ 
tion of the program in the Medical 
Sciences was devoted to endocrinology, 
nutrition, hygiene and epidemiology and 
parasitology. Sessions were also held by 
the Society for Experimental Biology 
and Medicine (Pacific Coast Branch) 
and the California State Veterinary 
Medical Association. Engineering was 
represented by programs of the Aero¬ 
nautic and Hydraulic Divisions of the 
American, Society of Mechanical Engi¬ 
neers and by joint programs of the 
Hydrology Section of the American Geo¬ 
physical Union and the Pacific Coast 
Section of the American Society of Agri¬ 
cultural Engineers and by a program of 
the Western Inter-State Snow Confer¬ 
ence. Education arranged a program of 
five sessions devoted to selected topics 
and joined with Psychology in a sympo¬ 
sium, “Can Personality be Measured?” 
Psychology presented a very extensive 
program under the auspices of the West¬ 
ern Psychological Association. , 


Sessions of the other sections were 
very fully represented, mostly through 
the medium of associated societies. 
Their programs consisted not only of 
contributed papers but also of symposia 
and special programs on various topics. 
The physicists held symposia on “Nu¬ 
clear Structure” and on “Fundamental 
Physical Constants”; they also joined 
with the astronomers in a symposium on 
“Spectroscopy in Astrophysics.” The 
chemists presented invitational pro¬ 
grams on selected topics in physical 
chemistry and in biochemistry. The 
zoologists held a symposium on the 
“Protozoan Life Cycle”; the botanists 
on the “Origin and Development of 
North Pacific Floras” and on the 
“Absorption and Accumulation of Min¬ 
eral Elements by Plant Cells”; the 
geneticists on “Genes in Relation to 
Characters”; and the Medical Sciences 
on a “Survey and Evaluation of the 
Present Status of Endocrine Investiga¬ 
tions.” Besides the symposia, most of 
the special programs noted in the pre¬ 
ceding paragraph were made up of invi¬ 
tational papers. 

A special feature of the meeting was 
the large number of joint sessions which 
were arranged among societies and sec¬ 
tions with common interests. While this 
practise gave rise to some editorial diffi¬ 
culty in arranging the program, it no 
doubt avoided to some extent conflicts 
which might otherwise have been 
troublesome. The programs as a whole 
were not only extensive but also of high 
quality and with few exceptions the ses¬ 
sions were extraordinarily well attended, 
to such an extent that in several in¬ 
stances original room assignments had to 
be changed at the last moment to accom¬ 
modate larger audiences. The ninety- 
fourth meeting of the association was a 
distinctly enjoyable and profitable event 
and no doubt contributed largely to an 
appreciation of the work of the associa¬ 
tion on the Pacific Coast. 

Roy Elwood Clausen 
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MADAME MARIE SKLODOWSKA CURIE 


Hidden now by a row of beech trees 
Madame Marie Curie's grave lies in a 
little village cemetery at Seeaux, France. 
She died on July 4,1934, after a brief ill¬ 
ness. Too busy to be famous, too much 
in love with her work to consider fame 
more than a by-product of labor and 
zeal, she believed with her husband “No 
matter what it does to one, even if it 
makes of one a body without a soul, one 
must go on with one's work." Yet she 
found time for her two daughters, Irene 
and Eve, and for her friends, just as in 
the early days of her marriage she had 
found time to do her own housework, 
teach classes and make her discoveries. 

Born in Warsaw, Poland, on November 
7, 1867, Marie Sklodowska received her 
first scientific training and part of her 
heritage of patience and curiosity from 
her father, who was a Polish educator. 
From Warsaw she went first to Cracow, 
then to Paris to study, taking a degree 
in science at the university there, and 
began the long series of experiments 
which continued for nearly forty years. 

When she was twenty-eight she mar¬ 
ried Pierre Curie, a physicist working 
on magnetism and crystallography. 
They had no money but they had pleas¬ 
ant whims, for Mine. Curie is said to 
have bought a tandem bicycle with her 
wedding money. 

Their common dower was that infi¬ 
nite capacity for taking pains which has 
been defined as genius. They had also 
an endowment of zeal or patience or curi¬ 
osity to forge ahead, even though the 
laboratory roof leaked rain or snow. 
They worked in an abandoned shed. 
“It was only a wooden shack," Mme, 
Curie said, “with a skylight roof which 
didn't always keep the rain out;" They 
must have worked late and arduously, 
for both had much teaching to do in 
order to make a living. They worked 
in their overcoats in the winter, to make 
the money which might have gone for 


warmth to feed that other fire, “for we 
had to pay for our scientific research 
out of our own pockets"—thin pockets 
for the fabulous pickings they were to 
yield the world. 

The year after the young Curies 
joined forces, Henri Becquerel, a friend 
of both, discovered the radioactive prop¬ 
erties of uranium, an indirect conse¬ 
quence of the discovery of x-rays made 
a few months before by Rontgen. Thus 
the beginning of the study of radioac¬ 
tivity dates from 1896. Separation of 
the uranium left a residue three to five 
times as radioactive weight for weight 
as the uranium. She first separated 
from the residue a substance far more 
active than uranium which was named 
polonium in honor of Mme. Curie's na¬ 
tive land. Working together the Curies 
then separated a second radioactive sub¬ 
stance which they named radium. It 
is a fiercely active substance, for in the 
pure state radium bromide has an ac¬ 
tivity about two million times as great 
as an equal weight of uranium. Mme. 
Curie found the atomic weight of 
radium to be 226 and later prepared an 
international radium standard of about 
twenty-two milligrams of pure radium 
chloride preserved in the Bureau Inter¬ 
national des Poids et Mesures at Sevres, 
near Paris. Secondary standards, 
checked carefully with this primary one, 
are kept in other places, there being one 
at the IT, S. Bureau of Standards, Wash¬ 
ington. 

Before Professor Pierre Curie’s death 
in 1906 when he was run over and killed 
by a dray in Paris streets, the couple 
were inseparable in the laboratory and 
at home, and working together did much 
to elucidate the properties of radium 
and its transformation products. They 
were awarded the Davy medal of the 
Royal Society in 1903, and the Nobel 
prize for physics was divided the same 
year between them and Henri Bee- 
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MME. MARIE 8KLODOW8KA CURIE, 1867-1934 
Professor of radioactivity at the University of Paws. With her husband, Professor 
Pierre Curie, she discovered radium and polonium, and founded 
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querel. Professor Curie was elected to 
the Academy of Sciences in 1905, just 
one year before his death. 

Mme. Curie succeeded him as profes¬ 
sor at the University of Paris, the only 
woman to hold the post of university 
professor in France. She was also the 
only person to receive a second Nobel 
prize (1911) for isolating radium as a 
pure metal and for determining its 
atomic weight. 

Theoretically, the importance to 
science of the discovery and isolation of 
radium is great because radium has 
played an extensive part in the growth 
of knowledge of the internal structure 
of atoms in general. The discovery of 
polonium and radium led to the modern 
analyses of radioactivity in terms of the 
spontaneous transformation of the radio¬ 
active bodies. 

The first gift of radium to Mme. Curie 
from the women of America was made 
in May, 1921, when she visited this 
country. The gift was prepared by the 
women of America when Mme. Curie 
said she would rather have one gram of 
radium for her own use than anything 
in the world. Madame accepted it with 
the shy graciousness which character¬ 
ized her dealings with fame, ending her 
little speech to the President after his 
presentation of the radium, “T thank 
your countrywomen in the name of hu¬ 
manity which we all wish so much to 
make happier/ ’ and then impulsively, 
“I love you ail, my American friends, 
very much.” 

She had papers drawn making the 
gram of radium the property of the 
Curie Institute at the University of 
Paris, and willed it to the University 
“on the condition that my daughter, 
Irene Curie (now Mme. Joliot Curie, 
the wife of M. Frederic Joliot, a dis¬ 
tinguished man of science, who subse¬ 
quent to his marriage consented to take 


the family name of his wife) shall have 
during her life entire liberty to use this 
gram of radium/’ 

On the occasion of her first visit to 
this country, Mme. Curie received hon¬ 
orary degrees from Yale University, 
Smith College and the University of 
Pennsylvania. When she returned in 
1929, the honorary degree of Doctor of 
Science was conferred on her by St. 
Lawrence University. On this occasion 
Mme. Curie dedicated the Hepburn Hall 
of Chemistry at the university, before 
which a statue of her had been erected. 

After the gram of radium had been 
presented, a gift of a yearly income of 
$3500 was also given, since Mme. Curie 
had been forced all her life to live fru¬ 
gally. But she did not seem to know how 
to spend money on herself and she used 
the money to rent a gram of radium for 
the use of the Warsaw Hospital. On Oc¬ 
tober 30, 1929, she was presented with 
a second gram of radium in this country 
in order to release the income given 
earlier for her own use. President 
Hoover in making the presentation paid 
tribute to the fundamental importance 
of scientific research. Mme. Curie in 
accepting the gift said, “My work is 
very much my life, and I have been 
made happy by your generous support 
of it. . . . I feel deeply the importance 
of what has been said by the President 
of the United States about the value of 
pure science; this has been the creed of 
my life. Scientific research has its great 
beauty and its reward in itself; and so 
I have found happiness in my work.” 

To some extent the life of Mme. Curie 
was shortened by the nature of her work. 
For years her hands had been very 
tender, and press reports stated that her 
death was due to a form of pernicious 
anemia caused or hastened by exposure 
to the radioactive Substances with which 
she worked. 

E. P. S. 
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THE HOPI INDIAN STAIRWAY AT WALPI 

The Museum of the American Indian 
has recently acquired two large paint¬ 
ings of the Hopi Indian stairway to the 
town of Walpi, Arizona, by Mr. Fred¬ 
erick 8. Deilenbaugh, an explorer of 
the canyons of the Colorado with Major 
Powell in 1871 and 1872. The stone 
slab stairway exhibits considerable engi¬ 
neering skill, and is the southern en¬ 
trance to the town of Walpi, perched 
in an impregnable position seven hun¬ 
dred feet above the valley. No storm¬ 
ing party could enter the town by the 
stairway without being annihilated with 
stones thrown from above. There is one 
northern entrance only a few feet wide 
leading up between perpendicular cliffs 
from the summit of the mesa. Years 
ago a band of hostile Navajos attempted 
an entrance by this passage and twenty- 
five of them were thrown over the brink 
to crash below. The second painting of 
Walpi from the north shows the narrow 
passage to the town, with the San Fran¬ 
cisco mountains in the distance. 

It. W. P. 
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THE DROUGHT AND ITS EFFECTS ON AGRICULTURAL CROPS 

Weather reports for July, covering heavy toll among the livestock in the 
the entire United States, continue to stricken area. Over 2,500,000 head of 


establish the 1934 drought as the worst 
in American records. The northwest, 
midwest and southwest portions of the 
country remained not only unrelieved 
from what is for much of their area the 
fifth successive summer of drought, but 
July tended to intensify their distress, 
except in scattered local areas. 

When the United States as a whole 
is considered, July was not only out¬ 
standingly dry but the hottest month 
ever known, with the all-time maximum 
temperature records exceeded in many 
places, especially in the Mid-Western 
States. Examination of the rainfall map 
of the United States, covering the same 
month, shows a drought by no means as 
wide-spread as the heat. Numerous lo¬ 
calities, scattered throughout tue coun¬ 
try, had more than average rainfall, but 
those territories most severely affected 
by the spring drought were not among 
them. The Department of Agriculture 
also reports that the departure of aver¬ 
age July temperatures from normal for 
different sections of the country is quite 
similar to that which occurred in July, 
1901, the previous hottest month on 
record, though the departures from nor¬ 
mal were somewhat larger in most places 
in 1934 than in 1901. 

Rainfall during July could not have 
saved pasture, hay, and small grains 
generally, for their critical period had 
passed. The corn crop may still be 
saved, for its critical period occurs later, 
but each w r eek with diminishing optim¬ 
ism the Department of Agriculture gives 
out successively lower estimates of the 
expected crop. 

The shortage of water has also taken 


cattle have been purchased by Federal 
agencies and shipped to stockyards to 
be slaughtered and canned before they 
starved to death from lack of fodder. 

Eight hundred thousand persons in 
the western half of the United States 
are on the relief rolls of the Emergency 
Relief Administration, and the total 
damage to growing crops and livestock 
lias been estimated by Emergency Relief 
Administrator Harry Hopkins at five 
billion dollars, with twenty-seven mil¬ 
lion people and sixty per cent, of the 
country’s area affected. Although seri¬ 
ous problems of distribution will arise, 
the Agricultural Adjustment Adminis¬ 
tration is convinced that the nation does 
not face any danger of food shortage 
despite the drought. Secretary Wallace 
of the Department of Agriculture esti¬ 
mates that general living costs might be 
expected to increase from 6 to 7 per cent, 
as a result of the drought, food costs 
taken separately increasing from 15 to 
20 per cent. A food and feed survey is 
going forward to determine just what 
the food supply is and orders have been 
given to the Department of Agriculture 
crop experts to send in immediately 
data on the food, feed and seed supply 
available on farms, country elevators 
and other storage facilities. 

At the date of writing, August 15, 
heavy rains had come to break the 
drought in the most severely hit of the 
Middle Western regions, and although 
it came too late to help major crops, it 
may enable a fair amount of the corn 
crop to be salvaged, and it brought some 
relief from the acute water shortage. 

M. L. G. 
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BIOLOGY AND SOCIETY 

ANIMAL SOCIETIES 

By Dr. WILLIAM MORTON WHEELER 

PROFESSOR OF ENTOMOLOGY, HARVARD UNIVERSITY 


T4 r« iX&itvra tup finav tAls vwfXcOvcit ain-ur b> tlflijvV *«* Aiumolg. TotoCrrai. (And tbs 
least of the animals enter into their associations in peace and concord.)—Clement, 
Epistle to the Corinthians, I, 20. 

“Nicht einmal die Volksgemeinschaften, in denen iiberall der Klauenkampf tobt, 
feragen den Stempel miitterlichen Geistes, der allein a us den vielen Einzelgliedern eine 
vrlrhliche Volksfamilie schafft, wie uns die sozialen Insektenstaaten lehren.” (“Not 
even the communities of nations, in which everywhere class-war rages, bear the imprint 
of the maternal spirit, which alone is able to create a true family of the people out of the 
many separate members, as we are taught by the social states of the insects.'’)— E. Berg- 
mann, Brkenntnisgeist und Muttergeist, 1938, p. 275. 


It is common knowledge that many 
infrahuman organisms, both plant and 
animal, live regularly in aggregations, 
associations or communities more or less 
like our own societies. The biologists’ 
domain is supposed to cover the entire 
range of this “togetherness” behavior 
of whole organisms from Bacteria to 
Anthropoid apes, while the sociologist 
reserves for himself the study of human 
societies. We may be prepared, there¬ 
fore, to find considerable divergence 
f|pween the biologist’s and the sociolo- 
^st's points of view. I infer that I am 
to represent the biologists in this sym¬ 
posium, not because of any competency 
It synthesize what they have learned in 
lita field, but because of my long 
interest in a group of animals whose 
activities have always seemed, even to 
s*- i A symposium presented on the occasion of 
(the seMbrattoa of the eeebl-oentemdel miniver- 
*pju#f the American Society of NatureUete ait 
iHVifiisdlnt aaanel meeting at Harvard Uni- 
•wsKr Deeemter 80, 1*83. 


the most casual observer, to exhibit 
certain interesting resemblances to the 
social and political behavior of man. 
Instead, however, of dwelling on these 
resemblances, which, though interesting, 
are superficial and have become rather 
trite, I propose, after commenting 
briefly on the position of the study of 
organismal consociations among the bio¬ 
logical sciences and the abundance and 
variety of these consociations, to con¬ 
sider at greater length some of the more 
fundamental social differences between 
the two dominant groups of animals, 
represented by the social insects on the 
one hand and the warm-blooded Verte¬ 
brates, man included, bn the other. 
Though my argument will compel me to 
trespass on the preserves of the gentle¬ 
men who are to continue the symposium, 
I trust that my remarks will be received 
as offered in a spirit less dogmatic than 
their necessarily brief and abrupt ex¬ 
position may seem to suggest. 
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During the nineteenth century biol¬ 
ogy and sociology developed in rather 
intimate symbiosis. Though Comte 
founded sociology on biology, it is well 
known that certain important concep¬ 
tions, such as the struggle for existence, 
the survival of the fittest and the physi¬ 
ological division of labor, were derived 
from sociological sources and later ex¬ 
tended to the entire world of organisms 
in the Darwinian theory of evolution. 
If we may judge from the works of 
Spencer, Espinas, de Lilienfeld, De 
Greef, Worms, Waxweiler and others, 
this theory, after its first clear enuncia¬ 
tion, seems to have been more heartily 
welcomed and embraced by the sociolo¬ 
gists than by the biologists. Subse¬ 
quently, however, owing to the great 
opportunities for investigation, which 
had been opened up, in their respective 
fields, in the latter part of the nine¬ 
teenth and the beginning of the present 
century, the biologists and sociologists 
drifted apart. The biologists specialized 
increasingly in the classification, mor¬ 
phology, physiology and genetics of the 
individual organism, while the sociolo¬ 
gists seemed to lose much of their inter¬ 
est in biology and proceeded to ally 
themselves more closely with the psy¬ 
chologists, historians, economists and 
ethnographers. It was not till the re¬ 
cent development of ecology as an inde¬ 
pendent formulation of what had long 
been known as natural history that the 
study of plant and animal consociations 
acquired scientific status. This science 
has now been divided into autecology 
and gynecology, the former concerned 
with the external adaptations of the in¬ 
dividual organism, the latter with the 
plant and animal consociations. There 
are reasons, however, for regarding 
autecology as a department of general 
physiology and synecology as constitut¬ 
ing the proper domain of ecology; At 
any rate, synecology seems to cover the 
same field as sociology in its broadest 
sense, or what might be called general 


comparative sociology, which would, of 
course, include not only human societies 
but also all the various consociations of 
plants as well as animals. Man will 
always be a mammal and his basic be¬ 
havior will always be mammalian be¬ 
havior. That he also exhibits other and 
very different activities justifies the 
recognition of human sociology as a spe¬ 
cial field, but so many of his so-called 
“spiritual” idiosyncrasies are now being 
traced to behavioristic rudiments among 
the primates that the biologist will look 
askance at all the attempts of the ideolo¬ 
gists to sever, or even to stretch unduly, 
the bonds between his science and sociol- 
ogy (1). 

A very brief survey will suffice to 
reveal the great extent and variety of 
consociative behavior in the animal king¬ 
dom. Indeed, there is no animal species 
that does not exhibit some such be¬ 
havior, even if it fails to outlast the 
brief mating period or the temporary 
association of mother and offspring or 
amount to more than membership in 
some biocoenotic community. I find it 
convenient to classify all the animal 
consociations under seven heads. First, 
there are the loose and unstable popu¬ 
lations known as aggregations, which 
consist of the same or different species 
and are very frequent among Protozoa, 
Invertebrates and cold-blooded Verte¬ 
brates. In many of the cases recently 
studied by Allee and others the indi¬ 
viduals are assembled and kept together 
mainly by their tropistic or sensory 
responses to very local environmental 
stimuli, but others, such as the mating 
congregations of many insects, the mi¬ 
gratory swarms of locusts, etc., arise in 
response to interindividual stimuli or to 
combinations of these with environmen¬ 
tal stimuli. We should place in a sec¬ 
ond category the very different, compact 
and mainly nutritive consociations ex- J 
emplified by the multicellular bodies of 
all Metazoan animals, the zooidal colo¬ 
nies of many Coelenterates, Bryozoans, 
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Tunicates, etc., and the series of meta- 
meres constituting the bodies of Annel¬ 
ids, Arthropods and Vertebrates, if, as 
many zoologists believe, these metameres 
are really serial, abortive zooids. The 
third category comprises the peculiar 
“food associations/* consisting of indi¬ 
viduals of two different species, of which 
one may be a plant, and exhibiting 
various kinds and degrees of intimacy 
as in the cases of predatism, parasitoid- 
ism, parasitism, commensalism, domesti¬ 
cation, symbiosis, fungus-culture, the 
associations of mites, ants and beetles 
with certain peculiarly specialized 
plants, and the vaguer phenomena of 
myrmecochory, mimicry, etc. The food 
associations are so very numerous, di¬ 
verse and economically important that 
they have been made the subject of an 
independent science, parasitology. A 
fourth category comprises the flocks and 
herds of the birds and mammals, and 
include as their most highly developed 
examples the troops or bands of monkeys 
and Anthropoid apes. A fifth category 
would comprise the insect societies, both 
temporary (subsocial) and permanent. 
The number and diversity of the latter 
are very great, since there are fully 
10,000 (Species of social insects, each of 
which qnay be said to have its own pecu¬ 
liar pattern of social behavior. To the 
sixth 1 category I would assign the 
human societies and to the seventh the 
bipcoenoses, or what the ecologists call 
communities / 9 those consociations of 
animals and plants of various species, 
attached to particular ecological envi¬ 
ronments, such as the interdependent 
faunal and floral elements of a forest, 
cave, desert, stream, sand dune, etc. 
These communities are so complex, un¬ 
stable and difficult of definition that 
Vheir adequate analysis seems to be im¬ 
possible with our present biological 
^methods. The totality of existing bio- 
coenoses may be said to constitute one 
great super-biocoenose, embracing all 
living organisms, man, of course, in¬ 


cluded, and equivalent to the biosphere, 
or thin, more or less discontinuous film 
of living matter covering the lithosphere 
and pervading the hygrosphere of our 
planet. 

Some authors have referred all the 
heterogeneous consociations I have enu¬ 
merated to a single “cause,” variously 
designated as the “social,” “gregari¬ 
ous” or “herd instinct,” but this is 
mere animistic verbalism. That a con¬ 
sociation can have no single “cause,” 
but is determined by a set of conditions, 
and that each of the many consociations 
is determined by its own set of condi¬ 
tions would seem to be inferable from 
the following considerations: 

(1) The various consociations, as pat¬ 
terns of group or mass behavior, are ob¬ 
viously so many forms of adaptation, or 
“adaptates,” to use a term invented by 
the sociologist Tarde. And while we 
may, perhaps, recognize homologous con¬ 
sociations among taxonoraically closely 
related species, we agree with Ward and 
Petrucci that at least the more complex 
and dissimilar types represent indepen¬ 
dent, polyphyletic and therefore merely 
analogous, or convergent adaptates. 
This seems also to be true of many simi¬ 
lar consociations, so that no classifica¬ 
tion of the types or forms of societies 
can be a “natural” classification, nor 
coincide at all closely, except within the 
narrow confines of families or genera, 
with our morphological or taxonomic 
classification. I am convinced that dur¬ 
ing the long phylogenetic history of the 
Insecta alone very similar types of so¬ 
cieties have arisen quite independently 
from the mother-offspring relation on 
more than 30, and in the Aculeate sub¬ 
order of Hymenoptera alone, on at least 
7 different occasions, but in each case 
more conditions than the mere mother¬ 
offspring relation must have cooperated 
to determine the complete societal pat¬ 
tern. 

(2) The futility of accounting for 
consociative behavior by referring it to 
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a special social instinct is shown also 
by the fact that every consociation is a 
more or less integrated, spado-temporal 
system, or emergent, consisting of a 
number of lower level emergents. This 
is clearly seen in the case of insect and 
vertebrate societies, which are really so 
many epitomizations (2) of many forms 
of consociative behavior like those ex¬ 
hibited by the multicellular individual, 
the aggregation and pairing of individ¬ 
uals, the family, with its parent-off¬ 
spring relations, the food associations 
(predatism, parasitism, symbiosis), etc. 
Such components necessarily undergo 
great deformation, or take on quite 
novel aspects in the final synthesis, rep¬ 
resented by the insect or mammalian 
society. In human society, of course, 
the creative psychological factors intro¬ 
duce even more extraordinary complica¬ 
tions. In all cases, however, we are 
dealing with what the philosopher G. H. 
Mead (3) had in mind when he defined 
sociality as * * the capacity of being sev¬ 
eral things at once.” 

Insect and mammalian (including 
human) societies have a peculiar inter¬ 
est because they happen to represent the 
highest types of behavior to which the 
two most important animal phyla, the 
Arthropoda and Chordata, have at¬ 
tained. Of course, the differences be¬ 
tween these phyla are enormous, as is 
evident from the disparity between 
their members in size, structure, longev¬ 
ity and behavior. I shall confine my 
remaining remarks to one of the most 
outstanding differences and one that 
seems to me to be of no little interest in 
connection with our own social organi¬ 
zations, namely, the high degree of in¬ 
tegration and stability of the insect 
society and the extraordinarily har¬ 
monious and self-sacrificing cooperation 
of its individual members, as contrasted 
with the mobility, instability and mu¬ 
tual aggressiveness so conspicuous 
among the members of our own society. 
Moralists, inventors of Utopias and 


satirists have never allowed us to forget 
the ants and the honeybees, because 
they actually enjoy what is, perhaps, 
for us poor humans only a social ideal. 
Until recently the termites were not 
mentioned in this connection, partly be¬ 
cause they were supposed to be ants and 
partly because their monumental social 
achievements are confined to the tropics, 
where the best is like the worst and 
uplift is unpopular. 

Although it has long been known that 
the social insects are, as a rule, ex¬ 
tremely aggressive towards the individ¬ 
uals of other communities, even of the 
same species, little search has been made 
for the conditions that have brought 
about the harmony between the indi¬ 
viduals of the same community (4). 
This is obviously only one of the aspects 
of the great stability of the social sys¬ 
tem and the result of a very long his¬ 
tory. The numerous fossils no\* amassed 
in our museums show clearly that all the 
main groups of social insects had com¬ 
pleted their social organization, their 
caste differentiation and to a consider¬ 
able extent also their taxonomic evolu¬ 
tion by the beginning of the Tertiary 
(Eocene and Oligocene), some 50 to 60 
million years ago. They must have be¬ 
gun their social organization, therefore, 
somewhere in the Cretaceous, if not 
earlier, perhaps as long ago as 80 or 100 
million years. Hence, if the age of our 
own species is put at not more than a 
million years, we might be tempted to 
condone the instability and aggressive¬ 
ness of our societies as expressions of 
social infantilism or immaturity, but 
mere time and the fact that the social 
insects have at least thirty generations 
to our one can be significant only when 
taken in connection with the underlying 
behavioristic peculiarities .that made for 
social stability or instability in the first 
place. The important difference lies, I 
believe, in what I shall call the “prob¬ 
lem of the male,” which has been suc¬ 
cessfully solved by the social insects but 
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not by mammal or human societies. The 
social insects, in fact, solved the problem 
by two different methods, one of which 
was employed by the social Aculeates 
(ants, bees, wasps), the other by the 
termites. 

For obvious biological reasons the 
female is the social sex par excellence , 
whereas the male was originally and 
remains throughout the evolution of the 
Arthropod and Chordate phyla, except 
in a few fishes, amphibians and birds, 
the unsocial sex. In many animals, in 
fact, he might more properly be called 
the antisocial sex. When the individ¬ 
uals of a species discovered in social 
organization a new and powerful adap¬ 
tation to the environment and to one 
another, the male as a necessary fecun¬ 
dating agent could not, of course, be 
completely ignored, but his original con¬ 
stitutional differences in the two phyla 
resulted in corresponding differences in 
his social assimilability. Among the in¬ 
sects this is clearly seen in the exclu¬ 
sively female societies of the social 
Aculeates, all of which are really so 
many taxonomic families of wasps, de¬ 
rived without doubt from solitary wasps 
of the superfamilies Vespoidea and 
Sphecoidea. These, in turn, we regard 
with equal assurance as being descended 
from the Parasitoid or Terebrant Hy- 
menoptera, which had evolved as early 
as the Jurassic, some 150 million years 
ago (as shown by the fossil Ephialtites 
jurassicus ), and are still represented in 
our recent fauna by thousands of spe¬ 
cies. Now throughout the Terebrant 
suborder and the solitary Vespoids and 
Sphecoids we find that the female is 
larger, more muscular and generally 
more richly endowe4 than the male and 
exhibits an intricate behavior pattern in 
providing for her offspring, while the 
male has reduced mouthparts, less spe¬ 
cialized antennae, a smaller, less dif- 
feriijtiated brain, except for its optic 
ganglia; and a behavior pattern so 
meager as to amount to a mere seeking 


out and fecundating of the female. As 
if to increase his inferiority complex, 
the female acquired the capacity to pro¬ 
duce viable offspring from unfertilized 
eggs and developed a muscular-walled 
spermatheca for the storage of the sper¬ 
matozoa from a single mating, with 
glands producing a secretion to keep 
them alive for several weeks. When 
certain families of solitary wasps be¬ 
came social, therefore, it was easy to 
exclude the males from participating in 
the communal activities and to tolerate 
them about the nest only in small num¬ 
bers and for a brief annual season. By 
enlarging the spermatheca enough 
sperm from the single mating could be 
stored and kept alive for months or even 
years—three or four years in the honey¬ 
bee, three or four times as long in the 
ants—to fertilize thousands of eggs. 
Having solved the problem of the male 
by reducing him, so to speak, to an 
appropriated and stored convolute of 
sperm, the social Aculeates, long before 
the Tertiary, proceeded to introduce 
new styles of females by inhibiting the 
development of the ovaries in the major¬ 
ity of the offspring, which thus became 
the workers. These were still further 
diversified in many species of ants as 
soldiers, or defenders, and workers 
proper, or nurses and nest-builders. 
The division of labor thus initiated was 
utilized in overfeeding and thereby ex¬ 
aggerating the fecundity of the fertile 
female, or queen, and the rearing of 
more and more of the sterile individuals 
to build the nest and feed, rear and 
defend the successive broods. 

The termites, because of their very 
different phylogenetic origin, solved the 
problem of the male in an even more 
satisfactory manner than the social 
Afculeates. They are closely related to 
the cockroaches, or Blattoids, and proba¬ 
bly branched off sometime during the 
Mesozoic from the ancestors of the lat¬ 
ter, the extinct Protoblattoids. Like the 
Blattoids the termites have a very in- 
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complete metamorphosis, their sexes are 
externally very much alike, and the 
spermatheca of the female, which is non- 
parthenogenetic, is more rudimentary 
than in the social Aculeates and lacks 
spermophilous glands. These peculiari¬ 
ties, inherited no doubt from Protoblat- 
toid ancestors, seem to account for the 
fact that the societies of the termites 
are bisexual instead of female, as in the 
social Aculeates. The termitary is 
founded by a male and a female, or king 
and queen. The king cooperates with 
his consort in excavating the initial 
chamber in the soil or dead wood and, 
being a long-lived insect, continues to 
live at her side, mating with her from 
time to time and thus enabling her to 
produce enormous numbers of viable 
eggs, which in some African species may 
be laid at the rate of 30,000 a day. The 
nymphs hatching from some of tne eggs 
are fed in such a manner as to become 
kings and queens, which will either 
found new colonies or eventually take 
the places of the deceased royal parents 
of the termitary, but the great majority 
of nymphs become male and female 
soldiers or male and female workers, in 
approximately equal numbers, because 
their reproductive organs are aborted 
as in the exclusively female workers and 
soldiers of the social Aculeates. The 
termites therefore keep only a single 
fully developed, monogamous male in 
the termitary and, as if confronted with 
a serious problem of male unemploy¬ 
ment, have hit upon the happy device 
of sterilizing most of the nymphs of this 
sex in their infancy and setting them to 
work with their equally sterile sisters 
in the kitchens, dining rooms and nur¬ 
series and at building and defending the 
termitary instead of permitting them to 
sit around like a lot of social parasites 
and annoy the females. We may say 
that the termites are the only animals 
that have succeeded in completely social¬ 
izing their males. 

Until recently we had little accu¬ 


rate knowledge of the bird and mam¬ 
mal flocks, herds, packs, troops or 
bands, collectively designated by Espi- 
n as as * ‘ peuplades. 9 ’ Their organization 
proves to be very different from that of 
the social insects, because the individuals 
among the higher Vertebrates are much 
more highly differentiated than they are 
among the insects and other Inverte¬ 
brates. The roles of the sexes, too, are 
more specialized. This is especially true 
of the male, which in the higher Verte¬ 
brates is usually larger, stronger, more 
restless, more inquisitive, more exhibi¬ 
tion istic, bolder, more reckless, more 
brutal, more pugnacious and less saga¬ 
cious than the female. He eventually 
becomes, therefore, a much more serious 
social problem than he is among the in¬ 
sects. Indeed, he acts like a violent 
ferment in Vertebrate group life, in¬ 
creasing both its constructive and de¬ 
structive mobility and accentuating its 
dynamically stratified organization. 

We may select as a paradigm of 
Vertebrate Society Schjelderup-Ebbe’s 
account of a flock of domestic fowl (5). 
Close observation shows that every bird 
in the flock is a personality, determined 
by its ambivalent dominance-submission 
reactions in relation to every other bird. 
Thus bird A can peck bird B and B can 
peck C, etc. An alien fowl may enter 
the flock but acquires a definite status or 
relationship to the other birds only after 
demonstrating its abilities as a pecker 
and the extent to which it is resigned to 
being a peckee. Schjelderup-Ebbe calls 
the hierarchy of status, which I have 
briefly described, the “pecking order . 99 
There may be one individual, the 
“a-bird,” usually but not necessarily 
a mature cock, which has the right to 
peck every other bird, but there is ob¬ 
viously no w-bird, unless we apply the 
term to a dead bird. The pecking order, 
however, is far from being a fixed and 
constant hierarchy. It is really very 
complicated, because the interrelations 
of the birds are often triangular or- 
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polygonal, A pecking B and B, C, but C 
may be able to peck A, or the series may 
be ABCDA with a resolution of the 
rectangle into triangles, ABCA, BCDB, 
etc. Furthermore, the order is con¬ 
stantly changing with the changing 
physiological state, or age, vigor and 
health of the individual birds. The dis¬ 
eased, disabled and aged soon descend 
through the ranks of peckees, while the 
young, after a long submissive role, pro¬ 
mote themselves as rapidly and as far as 
their strength and pugnacity will per¬ 
mit to the ranks of peckers. Schjel- 
derup-Ebbe noticed that the higher the 
birds stood in the pecking order, the 
better their general health and the more 
self-confident their behavior seemed to 
be, while those of the lowest rank wore 
a dejected and bedraggled appearance. 

The organization of the herds and 
packs of the lower mammals is like that 
of the bird flock, except that we should 
have to call it a biting instead of a 
pecking order, or with recent students 
of mammalian behavior a * 4 scale, or 
order of dominance.” As long ago as 
1892, Hudson in his “ Naturalist of La 
Plata,” writing of the packs of semiferal 
dogs kept on the cattle-breeding estab¬ 
lishments in Argentina, remarked that 
4 ‘from the foremost in strength down to 
the weakest there is a gradation of 
authority; each one knows just how far 
he can go, which companion he can 
bully when in a bad temper and wishes 
to assert himself and to whom he must 
humbly yield in turn.” A dominance 
scale of fundamentally the same type 
has been observed in the troops of 
various monkeys and anthropoid apes 
but is, pf course, more elaborate, as we 
should expect from the greater physical 
psychical plasticity of these crea- 
fiures. It is scarcely necessary to em¬ 
phasize the fact that in man the very 
aitoeient mammalian dominance scale has 
not only persisted, but has become even 
more highly differentiated than in our 
primate ancestors. We are all born 


into such an order, the family, and all 
our institutions—governments, armies, 
navies, schools, churches, business- 
houses, factories, etc.—are so many mag¬ 
nificent pecking orders, which condi¬ 
tion and regulate our lives and keep 
our emotions oscillating between elation 
and misery, according to the position 
we happen to be holding within them 
( 6 ). 

In order to bring my argument to a 
conclusion something more must be said 
about the mammalian male. When 
mature he naturally occupies a higher 
rank than the female in the dominance 
order of the group. Owing, however, to 
the decidedly unsocial character of his 
behavior, which manifests itself almost 
exclusively in voracity, pairing and 
fighting with other males, he is always, 
so to speak, socially more or less indi¬ 
gestible. There seems to be no reliable 
record, at least among the lower mam¬ 
mals, of a male providing food for the 
female or young or even protecting 
them. Indeed, after pairing, the sexes 
seem to become indifferent or even hos¬ 
tile to each other and the female retires 
to bear, suckle and rear her young in a 
safe lair or retreat which she alone 
establishes. She thus forms a family 
with her young of both sexes and in 
advanced life may become the leader of 
a herd consisting of several such female- 
offspring families (ruminants, elephants, 
cetaceans, etc.). Here the social organi¬ 
zation unmistakably resembles that of 
the social Hymenoptera, since the male 
is not a member of the family (7). 
Even in mammals as high in the scale 
as bats the two sexes form separate 
peuplades. Such social ties as the males 
of these and other mammals exhibit 
among themselves may be due to social 
conditioning while they are still young 
and under the tutelage of their mothers. 
In the seals and more conspicuously 
among the apes, as shown by Zucker- 
man’s observations on the troops of 
baboons (8), and the scattered published 
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accounts of the anthropoids, the adult 
males are found definitively installed 
within the group and giving full expres¬ 
sion to their dominance (9). In the 
troops of baboons each of the mature 
males, the 41 pashas ” or 11 overlords / 9 
secures as many mature females as pos¬ 
sible to form a harem, which he care¬ 
fully guards and to the outskirts of 
which the younger and less dominant 
bachelors attach themselves. As soon as 
the pasha’s vigor declines, they snatch 
away the females and set up as pashas 
on their own account. A troop of 
baboons is, therefore, far from being an 
urbane and amiable society. The un¬ 
social character of the male reveals itself 
even more clearly, both among the lower 
mammals and the Anthropoid apes, when 
he becomes senescent and impotent and 
wanders away from the troop or herd 
to lead the life of an anchorite rogue.” 
The female, on the contrary, as a virago, 
acquires a certain male dominance and 
becomes the matriarch of the herd with¬ 
out serious loss of her social interests. 

At first sight human society seems to 
have solved the problem of the male. 
At any rate, the reader of many socio¬ 
logical treatises is left with the impres¬ 
sion that human groups are uniformly, 
bisexually socialized throughout. Cer¬ 
tainly the majority of men are far more 
social than the male apes. We have, 
unfortunately, no knowledge concerning 
the origin of the human species or of 
the social role of the sexes in its earliest 
groups. Although authorities agree that 
none of our extant anthropoids can be 
in the direct line of man’s descent, there 
is considerable difference of opinion in 
regard to the point of divergence of his 
immediate ancestors from the hypo¬ 
thetical primate stock. Some believe 
the divergence to have taken place as 
early as the Oligocene, others not till the 
Miocene, and then from some common 
ancestor of the chimpanzee and gorilla, 
while at least one author regards man as 
a polyphyletic species, derived from sev¬ 
eral hypothetical primates, each of 


which gave rise to one of the extant 
species of anthropoids. Although the 
character of man’s earliest social organi¬ 
zation is unknown, the researches of 
ethnographers, archeologists and his¬ 
torians show that it was in all probabil¬ 
ity what it still is, a dominance order, 
or what Sorokin calls a “ social stratifi¬ 
cation,” resembling that of the birds 
and mammals (10). The great physical 
energy and unequal endowment of the 
individuals within this order and espe¬ 
cially the predominance of the males 
evidently accounts for the extraordinary 
restlessness and mobility of human so¬ 
cieties (11). Even in primitive human 
societies there must have been far more 
cooperation between the sexes than there 
is among the higher mammals. This 
cooperation may have had its origin, as 
Zuckerman suggests, in a division of 
labor between the sexes at the time when 
man changed from a vegetarian to a 
largely carnivorous diet (12), but it 
seems to me that the pronounced sociali¬ 
zation of the male must have been due 
in great measure to the intensive social 
conditioning to which he was subjected 
by the mother and the other members 
of the family during his infancy and 
childhood, which are so much longer 
than in other primates. One is tempted 
also to look on the matriarchal, or matri- 
lineal type of human society, which, ac¬ 
cording to many ethnographers, was 
once universal and still survives among 
many peoples, as eminently suited to 
socializing the male. Even in these 
societies there is a clear division of labor 
between the sexes, since the males do the 
heavy work, hunting and fighting, and 
also function as chiefs and shamans 
(13). 

Be this as it may, however, the male 
has now become so dominant in ovr 
modern patriarchal societies that we 
may regard them as male societies in 
contradistinction to the female societies 
of the Hymenoptera and lower mam¬ 
mals and the bisexual societies of the 
termites. Furthermore, the manifesta- 
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tions of this dominance show clearly 
that the human male has never been 
adequately socialized. Throughout the 
ages the aggressive, emotional instabil¬ 
ity, intense egoism and pugnacity, not 
to mention other unsocial and antisocial 
tendencies inherited from his Anthropoid 
ancestors, have kept society in constant 
turmoil, so that human history is little 
more than an interminable record by 
sober and impressionable males of the 
abominable behavior of other males. 
We might, perhaps, divide the members 
of this sex very roughly into three 
classes. One of these, the majority, 
comprises the completely socialized in¬ 
dividuals who, in collaboration with the 
women, maintain the social structure. 
The second class is very small and com¬ 
prises less socialized individuals whose 
dominance is manifested mainly in the 
intellectual and emotional fields. These 
males really constitute two ill-defined 
subclasses, one of which may be said to 
create the great cultural values (sci¬ 
ences, arts, technologies), the other the 
great cultural illusions (philosophies, 
theologies, social utopias). To the third 
class we may assign a not inconsiderable 
number of criminals, or individuals of 
low mental age and with unbalanced 
endocrines, who in the past have suc¬ 
ceeded in wrecking every great civili¬ 
zation. We have all been witnessing re¬ 
cently such an extraordinary display of 
antisocial behavior by males of this class 
in continental Europe, the Orient, Cuba 
and the United States, that further com¬ 
ment is unnecessary. 

After I had written the first draft of 
this paper, I was pleasantly surprised to 
find that I must have been in somewhat 
belated telepathic rapport with Profes¬ 
sor Ernst Bergmann, of the University 
of Leipzig, who very recently developed 
essentially the same thesis, with much 
greater eloquence and erudition, in a 
fascinating book entitled “Erkenntnis- 
geist und Muttergeist” (second edition, 
Breslau, 1983). He has, in fact, con¬ 


structed a grandiose “sociosophy” of 
the sexes out of materials drawn from 
the remotest by-ways of religion, ethics, 
philosophy, history and biology (14). 
I should differ with him, perhaps, in 
placing more emphasis on the fact that 
all progress in our civilized societies is 
initiated by a relatively small portion 
of the male population, whose restlessly 
questing intellects are really driven by 
the unsocial dominance impulses of their 
male mammalian constitution and not 
by any intense desire to improve so¬ 
ciety. Female societies, like those of 
the Hymenoptera and lower mammals, 
and bisexual societies, like those of the 
termites, are indeed peaceful and har¬ 
monious, but also stationary and in¬ 
capable of further social evolution (15). 
Even the matriarchal clans of primitive 
man advanced towards civilization only 
after they had become patriarchal (16). 
We seem to be confronted with the tri- 
lemma of either finding some means of 
socializing our males more completely, 
or of returning to a more unprogressive 
bisexual society like that of the termites 
(Russia already shows a suspicious ap¬ 
proach to such a society), or of lapsing 
into something like Spengler’s Fellahin 
society. For thousands of years at¬ 
tempts have been made to socialize the 
unsocial and antisocial males by fasting, 
prayer, sermonizing, systems of ethics, 
idealistic philosophies, legislation, pro¬ 
hibition, punishment and discipline, but 
with very indifferent success. It is al¬ 
ways in order, of course, to suggest 
a thoroughly reorganized mental and 
physical education of the young as a 
cure for our social ills (17), but it is 
equally probable, as Bergmann insists, 
that only an adequate knowledge of the 
biology and psychology of the sexes will 
enable us to solve the problem of the 
male. Fortunately, the youthful sci¬ 
ences of endocrinology, genetics, eugen¬ 
ics, penology and psychiatry are begin¬ 
ning to provide us not only with this 
knowledge but also with suggestions for 
its practical application. 
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Notes 

(1) Certainly the fact that there are many 
weaknesses in the organicist analyses of the 
earlier sociologists, as Keller, Ferrifcre, Sorokin 
and others have shown, is no excuse for the 
modern sociologist’s lack of interest in the ani¬ 
mal consociations. Recent investigations, some 
of which are briefly considered in this article, 
are showing with increasing clearness that the 
sociologist can still derive valuable suggestions 
from infrahuman group phenomena. Not only 
does individual animal behavior prove to oe 
much more subtle than the earlier zoologists 
supposed, but animal groups exhibit many ac¬ 
tivities that are very difficult or impossible of 
analysis m human societies. The animal groups 
are not only more numerous and more diverse 
and therefore more richly illustrative of many 
patterns of social behavior, but also more 
sharply delimited in space and time than primi¬ 
tive human societies. The animal consociations 
also possess other methodological advantages, 
since they can be isolated, their personnel con¬ 
trolled at will and their behavior subjected to 
experimental investigation. Their shorter life¬ 
span, moreover, enables us to study the : r origin 
and growth, their pathology and eventual ex¬ 
tinction. 

The extent to which Sorokin would allow the 
sociologist to adopt an organicist view of 
human society is indicated in the following quo¬ 
tation (“Contemporary Sociological Theories,” 
Harper Bros., N. Y., 1928, p. 207): “In bio- 
organismic theories we must strongly dis¬ 
criminate between two different classes of 
statements. The first class is composed of the 
statements that sociology has to bo based on 
biology; that the principles of biology are to 
be taken into consideration in an interpreta¬ 
tion of social phenomena; that human society 
is not entirely an artificial creation; that it 
represents a kind of living unity different from 
a mere sum of the isolated individuals. These 
principles could scarcely bo questioned. They 
are valid. They are shared, however, not only 
by the bio-organismic school, but by a great 
many other sociological schools. In this sense 
they do not compose a monopoly of the bio- 
organismic theories, or their specific character¬ 
istics. 9 f 

(2) With the meaning of the term as em¬ 
ployed by G. P. Conger in his “A World of 
Epitomizations, ” Princeton University Press, 
1931. 

(3) “The Philosophy of the Present,” Open 
Court Publishing Co., 1932, p. 49. 

(4) Exceptions to the latter statement are 
the slaughter of the drones and the battles 
between old and young queens in the honeybees, 
the slaughter of the soldiers by the ant Pheidole 
militicida and apparently also by some termites, 
the destruction of their own brood by wasps 


and ants, the devouring of portions of their 
young brood by colony-founding queen ants and 
the assassination of the nest queen by her own 
workers and the adoption of a parasitic queen 
in her place by some host ants. All these cases, 
except the last, are motivated by the failure of 
the food supply at certain times or seasons and 
are really attempts to preserve the life of the 
colony. The last case, according to Forel, is 
due to the preference of the workers for a 
small, young and very focund queen instead of 
their own large mother, because the latter de¬ 
mands more food. Perhaps, however, other at¬ 
tractions of the parasitic queen, such as agree¬ 
able secretions, which, like those of some myr- 
mecophilous beetles, tend to pervert the appe¬ 
tites of the workers, may be the true reason for 
adoption. We are, nevertheless, dealing with 
a distinctly pathological condition. 

(5) T. Schjelderup-Ebbe, “Die Despotic im 
sozialen Loben dcr Vogel.” Arbeit, biol 
Grundlegung der Soziologie, Hirsclifeld, Leip¬ 
zig. X, 2, pp. 77-140. 

(6) Notwithstanding the development of 
dominance in man it seems only occasionally to 
have attracted the attention of sociologists and 
psychologists till recently. In social psycholo¬ 
gies it was often briefly treated as the 41 instinct 
of self-assertion” till those enfcunU terrible s, 
the psychoanalysts, and especially Adler, began 
to rear an imposing doctrine upon it. Now we 
are all familiar with the exaggerated or patho¬ 
logical manifestations of dominance—the supe¬ 
riority complex, self-maxiraation, the Tegal self, 
the Jehovah-complex, the Messianic complex, 
the God-complex, the masculine protest, exhibi¬ 
tionism, sadism, etc. Its more temperate, nor¬ 
mal aspects certainly did not escape some of the 
philosophers, such as Hobbes, Schopenhauer, 
Nietzsche, Hocking and Spengler, but their pet 
term—“the desire for power” or “the will to 
power”—and those of the moralists, psycholo¬ 
gists and historians—egotism, egocentricity, 
solf-interest, ambition, emulation, competition, 
elation, aggressiveness, greed, pride, vanity, 
display, authority, prestige, coercion, suprem¬ 
acy, dominion, tyranny, conquest, oppression, 
sovereignty, despotism, militancy, etc.—are so 
familiar that they lack the thrill of those 
fine psychoanalytical terms. Several social 
psychologists—McDougall, Tansley and others 
—regard dominance or self-assertion as an 
“instinct” and contrast with it another 
4 4 instinct, ” “ self-abasement , 9 9 variously desig¬ 
nated also as submission, subjection, subordina¬ 
tion, allegiance, subservience, obedience, com¬ 
pliance, inferiority complex and masochism. If 
we regard dominance as an instinct it is cer¬ 
tainly one so primitive and fundamental as to 
characterize all living substance and to be 
equivalent to self-preservation. Seneca said. 
44 vivere militare e»t, * * which is paraphrased by 
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Ortega y Gasset when he defines life as “the 
struggle, the effort to be itself .' 9 Adler admits 
that “the will to self-determination in the nar¬ 
rower sense, i.e ., to power, is a mental factor 
which . . . derives from far down in the ani¬ 
mal world .' 9 Spengler, in his “Man and 
Technics," expresses the same thought more 
explicitly when he says: “The free-moving 
life of the animal is struggle, and nothing but 
struggle, and it is the tactics of its living, its 
superiority or inferiority in face of ‘ the other' 
(whether that ‘other* be animate or inanimate 
Nature), which decides the history of this life, 
which settles whether its fate is to suffer the 
history of others or to bo itself their history. 
Technics is the tactics of living; it is the inner 
form of which the procedure of conflict—the 
conflict that is identical with Life itself—is the 
outward expression." Curiously enough, Ell- 
wood (“Sociology in its Psychological 
Aspects," D. Appleton and Company, New 
York and London, 1912, p. 228) regards the 
“instincts" of self-assertion and self-abase¬ 
ment as “peculiarly human." At this point 
we naturally ask whether it is possible to dis¬ 
tinguish at all clearly between self-preservation 
of a living and that of any stable physico¬ 
chemical system. Whereupon the consideration 
that mere existence necessarily implies some 
degree of self-preservation or self-maintenance 
at once lands us in the cactus-thickets of phi¬ 
losophy. We all at times experience the “pure¬ 
cussedness" of inorganic bodies and feel a dim 
mental affinity with the animistic savage. And 
what is “instinct," as employed in most bio¬ 
logical and psychological literature, but camou¬ 
flaged animism? Others are very doubtful 
whether there is a special instinct of self- 
abasement. “Prom the beginning," A. H. B. 
Allen (“Pleasure and Instinct," Harcourt, 
Brace and Company, New York, 1930) says, 
“every living thing has only existed by assert¬ 
ing itself and refusing to give way to others," 
and submission is imposed by the superior force 
of the dominant organism. “It is always pos¬ 
sible to yield in a combat; and the yielding can 
hardly be called a separate instinct." “Sub¬ 
mission is nothing but the negative of self- 
assertion; it is the giving up of self-assertion, 
accompanied by the opposite feeling, that of 
pride negated or taken down." Moreover, it 
has not been demonstrated that self-abasement 
is innate, though in its pathological form, as 
masochism, it is accompanied by a positive 
feeling of pleasure. Other emotions such as 
fear may also accompany submission. C. B. 
Carpenter, one of the younger behaviorists, re¬ 
gards both dominance and submission in the 
black howler monkeys of Panama as merely 
positively and negatively conditioned reflexes 
and hence as learned reactions, or habits. That 
this opinion may be correct is indicated by the 


phenomena of domestication, which depends on 
man's dominance and the animal's submissive- 
ness. In some of our domestic animals this sub- 
missiveness has to be secured by renewed 
“training" in each generation, in others it 
may require only a slight reconditioning of the 
animal's juvenile behavior. 

(7) A few writers ( e.g. f Jennings) do not 
regard the mother-offspring group among ants, 
bees, etc., as a family, probably because it 
contains no father. They seem to understand 
the term only in the derived juristic sense of 
the Latin familia , which stresses the presence 
of the male progenitor (paterfamilias) who i 3 
not like the mother <( naturd vera et certa ," 
but “ jure verus et certus,” that is, a legal 
fiction. Originally the term familia meant the 
servant body of a household and has since 
acquired numerous meanings (see Century Dic¬ 
tionary). Since a widow and her children are 
called a family, objection to using the same 
term for the mother-offspring group of the 
social insects and lower mammals would seem 
to be mere quibbling. 

(8) 8. Zuckerman, “The Social Life of 
Monkeys and Apes," New York, Harcourt 
Brace and Company, 1932. For data on the 
anthropoids see It. M. and A. W. Yerkes, “The 
Great Apes," Yale University Press, 1929. 

(9) Male dominance may have many differ¬ 
ent expressions. Even the voice may become 
an implement of this urge. The vertebrate male 
must have discovered long ago that his voice 
was more powerful and terrifying than that of 
the female and that he could often employ it 
effectively without endangering his hide. His 
voice proved to be particularly useful when 
his possessions wore disputed by other members 
of his group. This is seen in many Vertebrates 
ranging all the way from the growling dog 
guarding his bone, the male song-bird pre¬ 
empting his breeding territory and the male 
howler monkey preempting the feeding area of 
his troop to the dogmatic, hortatory theologian 
defending his knowledge of the supernatural 
and the vociferous political orator defending 
his equally fictitious knowledge of economics 
and state craft. 

Another interesting aspect of dominance in 
an extreme and sadistic form is exhibited in 
the courtship and mating behavior of animals. 
Major B. W, G. Hingaton has made much of 
this aspect, which he calls “hostility" in his 
recent book, “The Moaning of Animal Colour 
and Adornment,'' London, E. Arnold and Com¬ 
pany, 1933. I quote a few paragraphs (pp. 
325-326) from the conclusion of his thirteenth 
chapter: ‘ * The sex act is a double act. It con¬ 
sists first in an act of male rivalry, second gh 
act of sexual union. The two are interlinked 
and the second is dependent on the first. In all 
animals there occurs a preliminary rivalry—by 
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physical battle or threatening gesture or vocal 
utterance—before actual union is fulfilled. 
Often this rivalry is fierce and continuous. 
Several species have special assembling-grounds 
where the males come together for the sole 
purpose of developing this first stage in the 
act The usual vie,w of all this fighting is that 
it takes place for the possession of the females 
or the holding of breeding territories, and these 
undoubtedly are manifest results of it. But 
I am confident that, apart from these results, 
it fulfils a biological necessity of far deeper 
and wider significance. Is it likely that male 
animals would keep special arenas for the pur¬ 
pose of going through elaborate gesticulations 
or would indulge in long singing-contests unless 
their emotional natures demanded that there 
must be an outlet for their developing passions? 

* 1 All this rivalry then is of deep importance. 
And its importance, I believe, lies in the fact 
that it brings to full development that hostile 
emotion which is the first step in the act of 
coitus. This hostility is directed to the rival 
male; nevertheless, it is a fundamental step in 
the development of capacity for fertile union 
with the female. Rivalry does not 'jccur just 
because a rival is present; I believe it must 
occur if full sexual activity is to develop. 
Rivalry and coitus are biologically interdepen¬ 
dent; the one must be developed and brought to 
perfection in order that the other may be fully 
efficient. Indeed, I regard the act of coitus as 
the final step in the act of battle. It is, as it 
were, a demonstration to the male of the final 
achievement of his hostile intentions, satisfying 
all that he has battled for bo intensively and 
standing in his emotional nature for the defeat 
and annihilation of his rivals. The sex act is 
then not a mere male-female contact, but rather 
an act of fierce hostility directed for a time 
against rivals of the same sex and receiving 
complete fulfilment through an act of union 
with the opposite sex. But fundamentally and 
all through the sex act has a hostile content. 

“This view will later throw light on so- 
called courtship behaviour and on the important 
problem of sterility. Also it will help ub to 
understand why the generative organs have this 
dual function. The testes not only secrete the 
sperm, but also control the fighting machinery. 
Why should these two functions be allocated to 
one organ unless the two functions were closely 
interknit in the fulfilment of the generative 
act? And on our view they are interknit, in 
that the efficiency of the sperm-producing func¬ 
tion depends on the fulfilment of the act of 
battle. ’ ’ 

(10) P. Sorokin, “Social Mobility,” Harper 
Bros., New York, 1927. “Any organized spe¬ 
cial group is always a stratified social body. 
There has not been and there does not exist 
any permanent social group which is 'flat* and 


in which all members are equal. Unstratified 
society, with a real equality of its members, is 
a myth which has never been realized in the 
history of mankind. This statement may sound 
somewhat paradoxical and yet it is accurate. 
The forms and proportions of stratification 
vary, but its essence is permanent, as far as 
any more or less permanent and organized 
group is concerned. This is true not only of 
human society, but even in plant and animal 
communities.” The term “stratification” is 
unfortunate, perhaps, in that it suggests a rigid 
or static order. Professor Sorokin, of course, 
makes it abundantly clear in his book that he 
is dealing with a dynamic organization. 

(11) The greater physical energy of human 
individuals compared with those of other ani¬ 
mal species is significant. As Pitkin says: 
“Man has built up, through the ages, a huge 
fund of physical energy with which to main¬ 
tain himself against the hostile forces of his 
environment. He possesses more than three 
times as much, for each pound of his body 
weight, as any other mammal which has yet 
been measured. For each pound of flesh in a 
horse, cow, dog or cat, there is considerably 
less driving power through adult years than 
there is in five ounces of human flesh. (The 
exact ratio seems to be 2: 7.76, according to 
Rubner.) ” 

(12) Zuckerman, loc. cit., p. 316: “At its 
lowest level, according to most authorities, the 
family of human society was monogamous. If 
reason played a part in determining the nature 
of the human family unit, it is very probable 
that it was guided by the demands of man’s 
omnivorous diet. The polygynous gorilla or 
baboon can guard his females from the atten¬ 
tions of other males while they forage together 
for fruits and young shoots. Primitive man, 
who, as his Palaeolithic arts display, was an 
animal largely dependent on a diet of meat, 
would not have gone hunting if in his absence 
his females were abducted by his fellows. 
Reason may have forced the compromise of 
monogamy.” 

(18) Cf. R. Rriffault, “The Mothers,” 3 
vols., London, 1927; abridged edition in one 
volume, Macmillan, 1931, and J. H. Ronhaar, 
“Woman in Primitive Motherright Societies,” 
Holland and London, 1931. 

(14) Bergmann follows a German conven¬ 
tion which seems to require the academic 
philosopher to write and lecture in a Dionysiac 
style. In tho following translation of an aver¬ 
age passage (pp. 130, 131) I have preserved 
the meaning, but have been unable to prevent 
the temperature from dropping several degrees 
below that of the original. I have relegated 
it to a footnote, because it seemed still too 
warm for presentation to a male scientific 
gathering. “And we shall always have to 



BIOLOGY AND SOCIETY 


301 


that the tragic fundamental tone of 
the male’s dramatic, ambiguous, exposed and 
precarious existence, based as it is on struggle 
and the elimination of his rivals, will forever 
prevent the emergence of a sane and happy 
communal life as displayed in the consummate 
victory of the maternal spirit, the joyous order 
and exuberant will to service of the social 
Hymenoptera. Of all this, indeed, little enough 
is to be seen in our modern social state, which 
is created and motivated by the awful splendor 
and grandeur of the male sexual tragedy, which 
manifests itself objectively in a perpetual war 
of the classes, in strife and masculine competi¬ 
tion, and subjectively in the restlessness and 
conflict arising from the cravings and vital 
anxieties of the male sexual impulses, which 
are continually gnawing at the social order and 
hastening its break-up. Men created history, 
says Mussolini. Wo answer: Certainly but what 
kind of a history! One written in blood and 
tears. Men created religion. Certainly, but 
what kind of a religion! Thousands of years 
of contemplation of the hereafter, inspired by 
worldly anxieties and dread of death. Men 
created the state. Certainly, but what kind of 
a state! A strange, misbegotten, anti-state, 
without vitality, a compromise-and-bastard 
state that follows neither the life plan of the 
sexes, nor a just apportionment of the sexual 
rdles, nor motherright. And the peculiar 
tragedy of the human race evidently lies in the 
fact that the female sex never will and never 
can create history, religion or a state. If the 
masculine spirit of intellect and leadership does 
not itself initiate a great change in human cul¬ 
ture by transcending the constitutional male 
idiosyncrasies and by a true interpretation of 
the cultural trends of religion, morals and the 
state in obedience to the basic biological re¬ 
quirements, then, finis humanitatis l The signs 
of the times seem to point to a change but 
they can be correctly interpreted only with the 
aid of the key-science, which is the sociosophy 
of the sexes. ’ ’ 

(15) The insect societies might be called 
centripetal as contrasted with the centrifugal 
societies of vertebrates. The stability and high 
integration of the former are symbolized by 
the nest, which in all its forms—formicary, 
vespiary, apiary, termitary—is a communal 
4 4 Gestalt, ’ ’ a unitary, organized whole peculiar 
to the species, though constructed piecemeal by 
the sterile members of the colony. Somewhat 
similar structures are made by a few birds but 
not by mammals, because each female makes 
and occupies her own lair or burrow. Our 
cities with their separate family dwellings or 
apartments are not, therefore, strictly com¬ 
parable with the nests of the social insects. 
This is true even of the communal houses of 
certain savages. 


(16) 44 The mother-family came naturally to 
be, by spontaneous growth out of antecedent 
conditions. The mother-clan persists indefi¬ 
nitely without any interruption, unless it dies 
out entirely. A father-family, on the other 
hand, necessarily breaks up every three or four 
generations at longest. The former is stable 
and enduring, like the sex upon which it is 
based; the latter is active and variable, prone 
to movement, raiding and eventually to con¬ 
quest. In its broadest features the mother- 
family is conservative, traditional and tends to 
equality in many respects, whereas the father- 
family is enterprising, progressive, sets free 
individual energy, and therefore promotes in¬ 
equality. 

“The limited communalism of the mother- 
family, chiefly as respects food, wastes capital 
where it does not prevent its accumulation; the 
energy of men is not stimulated. Its garden- 
culture by women is only a premonition of 
agriculture; tillage proper does not begin until 
men take it in hand. The mother-family has 
little history, because its character is a per¬ 
petuity of sameness. There is slight division 
of labor in it and therefore little societal or¬ 
ganization. It is exogamy and the father- 
family which begin competition, combination, 
cooperation and organization. The evolutional 
movement which we call progress gains momen¬ 
tum with the father-family. War under the 
mother-family is caused by bickerings over 
emplacement and blood-revenge; captives are 
killed or tortured and only exceptionally 
adopted or enslaved. War has the character 
of raiding merely. In the father-family, war 
is less impulsive and is more organized and 
planned for a purpose by the authority on the 
ground, and is prosecuted more perseveringly. 
Its purpose is plunder and, at length, conquest, 
and its results subjugation, domination, en¬ 
slavement and eventually the construction of 
territorial states. Slavery is the connecting 
link between the economic and militant forces 
in the evolution of society. Since family or¬ 
ganization moves at the same time through the 
change which we are now viewing, the total 
organization of society undergoes a transforma¬ 
tion which is difficult to embrace and under¬ 
stand with due allowance for all the elements 
in it. ’ ’—W. G. Sumner and A. G. Keller, 4 4 The 
Science of Society,” New Haven, Yale Univer¬ 
sity Press, 1927, Vol. Ill, p. 1984. 

(17) For an interesting account of the pro¬ 
posals of philosophers and educators see Will 
Durant, 4 4 Philosophy and the Social Problem, ’ 9 
the Macmillan Company, New York, 1917. A 
very suggestive approach to the philosophical 
biologists’ view of ethics is given in Trigant 
Burrow’s “Crime and the Social Beaction of 
Bight and Wrong,” Jpwndl of Criminal Law 
and Criminology, 24, 1988, pp, 685-699. 
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It seems to me that many of the main surgery—-and these are inspired not so 
trends of scientific studies are peculiar much by scientific interest as by fear of 
—not to say perverse. The pursuit of death and disease. Even in anthropol- 
science and of knowledge in general is, ogy (the shamelessly impractical inves- 
I suppose, an idiosyncrasy exclusive to tigation of man) the vast majority of 
the genus Homo. Scientists are all workers direct their efforts toward the 
men: they admit it and are, presumably, meticulous examination of what man 
not altogether dissatisfied with their produces by way of material culture or 
zoological status. However, in spite of social organization rather than to the 
the fact that science is of man, the direc- determination of what he is by virtue of 
tion of scientific endeavor seems to be being a primate. So we have archeolo- 
mainly centrifugal or perhaps homofu- gists who know all about man’s pottery, 
gal. I mean that the quantity of scien- man’s weapons and man’s implements, 
tiflc interest in any phenomenon or in and nothing about man himself; ethnol- 
any conglomeration of matter seems to ogists who are preoccupied with systems 
vary directly with its remoteness from of kinship, terms of relationship and the 
man himself. Thus there are scores if dry bones of social organization, and 
not hundreds of scientists who are look- who care not one whit for the living 
ing for new stars and investigating flesh and blood of the social being; 
spiral nebulae, for every one who is linguists who are willing to let him who 
studying anthropoid apes. Popular in- will make out the meaning of language, 
terest wallows in the eccentric wake of as long as they can study the grammar 
professional science. The Century of and the syntax. And, finally, I fear that 
Progress Exposition was nightly illumi- we have physical anthropologists whose 
nated by a ray from Arcturus in the interest in man does not extend much 
pompous setting of the Court of the beyond caliper measurements and statis- 
Sciences, amid the applause of gaping tical tables of means, standard devia- 
thousands; the obscure little tent among tions and probable errors, and who 
the side shows which housed the great thereby commit grievous errors which 
anthropoid apes was illuminated by such are not probable but certain, 
of the sun’s rays as could penetrate its As a matter of fact, modern men liv- 
canvas, and was patronized during my ing at a primitive or low level of culture 
two visits only by myself and a few —“savages”—have received a greater 
straggling urchins. share of attention from anthropologists 

Again, while one may admire the con- than have civilized men, although too 
centration of biological interest upon often the sequence of cultural contact 
algae, annelids and Crustacea, he must has been Christianization, exploitation, 
deplore the neglect which falls to the lot extermination and finally scientific in- 
of mammals, primates and man himself, vestigation. 

The only quantitatively appreciable bio- It is not my present task to urge the 
logical studies which have been directed desirability of studying the biology of 
upon man are those of medicine and modern civilized man, pressing though 
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the need of such a study may be; it is 
rather my privilege to point out the 
special opportunities afforded to the 
student of evolution in the observation 
of biological phenomena among primi¬ 
tive peoples. 

These special opportunities may be 
classified roughly in three categories, 
which are, to some extent, overlapping 
and interdependent. Under each of 
these categories there may be enumer¬ 
ated and discussed several factors which 
operate in various biological situations 
to affect or even to determine one or 
more of the following systems of primi¬ 
tive man's biology: morphology, physi¬ 
ology, pathology, psychology, sociology. 
Specifically, the three categories of fac¬ 
tors which peculiarly affect the biology 
of primitive man and consequently illu¬ 
minate certain obscure places in the 
evolutionary process are: (a) those 
which arise from the close relationship 
of primitive man to his physical envi¬ 
ronment, (b) those which arise from the 
geographical isolation of primitive 
groups, (c) those which arise from the 
supposed mental and physical retarda¬ 
tion and the demonstrable cultural 
1 ‘lag” of modern savages. Clearly these 
categories are not mutually exclusive 
and some of the factors grouped under 
each might well be assigned to another. 
Our chief interest here is to call atten¬ 
tion to biological phenomena in primi¬ 
tive man which seem to spring from 
these categories of causes or influences, 
whether or not the specific causative 
factors can be isolated in one of the three 
main categories recognized. 

I have described the first group of 
factors which particularize the biology 
of primitive man as those which arise 
from close relationship to his physical 
environment. I suppose that no one 
will dispute the statement that primi¬ 
tive man lives closer (to nature than our 
civilized Homo insipiens . It is incredi¬ 
ble, for example, that we should find in 


primitive society hordes of savages 
squatting before some bare urban 
Mother Hubbard's cupboard, tightening 
their belts or their breech-clouts, while 
food is rotting in the neighboring field® 
and professors of agriculture are tink¬ 
ering with the daily price of gold. The 
primitive agriculturalist raises what he 
eats and eats what he raises; he does not 
raise that which he can neither eat nor 
barter nor sell. The primitive pastoral- 
ist drinks the milk from his cows or lets 
the calves drink it or makes it into 
cheese and butter; he does not pour it 
out in spiteful libations upon concrete 
highroads. He does not, in short, be¬ 
have like a civilized human being. 

Granting, then, that savages are more 
or less what their name connotes, what 
are the biologic implications of their 
environmental symbiosis? The first of 
these is, I think, the untrammeled opera¬ 
tion of natural selection. By this I 
mean that the individual savage sur¬ 
vives for the most part through the 
hereditary toughness of his organism 
and through the ability of that organ¬ 
ism to batten upon or “eat off" its 
environment, that is, barring accidents. 
The savage engages from birth in a 
single-handed battle against his environ¬ 
ment, unabetted by synthetic substitutes 
for deficient mother's milk, without 
benefit of orange juice, spinach and 
pediatricians. He grows up, if at all, in 
full possession of his tonsils and his 
appendix. In brief, he is bereft of, or 
secure from, modern scientific medical 
attention. Consequently, the savage, in 
the structure of his organism and in its 
functioning, presents an object lesson in 
those physical and physiological varia¬ 
tions which have survival value, and in 
those which are, at any rate, indifferent. 
Some of the material of this exemplifi¬ 
cation of natural selection will be dis¬ 
cussed, if time permits, in the body of 
this paper. 

Another factor which arises from the 
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peculiarly close relationship of primi¬ 
tive man to his environment is relative 
uniformity of physical adaptation. The 
biological effect of this factor can be 
illustrated best by the contrasting diver¬ 
sity which civilized man exhibits in this 
respect. In our society division of labor 
effects stringent occupational selection, 
which is, in part, physical. Thus a pro¬ 
fessional pianist will have an extraordi¬ 
nary muscular development of the fin¬ 
gers, wrists and forearms; a ten-day 
bicycle-racer, of the thighs and calves; 
a jockey must be undersized and light; 
traditionally a policeman is likely to 
have flat feet. A few years ago I under¬ 
took a physical survey of the criminals 
of ten states. This involved also the 
necessity of securing adequate samples 
of the civilian population of similar 
ethnic origin with which to compare the 
physical characteristics of the delin¬ 
quents. It was found to be extremely 
difficult to round up for measurement a 
sufficient number of suitable subjects for 
inclusion in this civilian check sample. 
One of my energetic and ambitious 
young field workers managed to get per¬ 
mission to measure the firemen of Nash¬ 
ville, Tennessee, for comparison with 
criminals from that state. However, this 
check sample has proved rather unsatis¬ 
factory, principally because the firemen 
are extraordinarily fat. Whether this 
corpulence is an effect of sitting in the 
fire-houses all day playing checkers, or 
the natural result of selecting a body of 
men on the basis mainly of political 
affiliation, or what not, I am unable to 
say. At any rate, without laboring the 
point, it may be stated that the adult 
male population of urban residence in 
civilized countries is differentiated 
physically by occupation to such an ex¬ 
tent as to render it quite impracticable 
to examine the physical characteristics 
of large groups without making careful 
allowance for the specializations which 
may be due to occupational composition. 


On the other hand, savages are likely 
to show physical adaptations which are 
uniform in groups rather than diversi¬ 
fied in individuals. If one of a group 
shows variations of the femur and tibia 
which may be attributed to walking 
with a bent-knee gait, the chances are 
that all or nearly all of the group will 
show in varying degree similar adapta¬ 
tions, because they all live in the same 
kind of country and their bodily habits 
are similar. Lack of occupational 
specialization does not bring about the 
multiplicity of individual variations and 
adaptations which are very baffling to 
the anatomist or physical anthropolo¬ 
gist who is working over the skeletal 
parts of tame whites. This simplifies 
the problem immensely for the student 
of functional adaptation, since in any 
primitive group he is likely to be pre¬ 
sented with a large range of similar 
variations which he can analyze and in¬ 
terpret and from which he can general¬ 
ize with comparative safety. It provides 
him with adequate and representative 
samples of the same modifications. Any 
anonymous skeleton of a white derived 
from a dissecting room is likely, on the 
contrary, to present a combination of 
morphological variations apparently 
due to physiological causes, which are 
inexplicable without the knowledge of 
the occupation of the individual who 
manifested them. I have an articulated 
skeleton in my laboratory which shows 
such peculiarities of the thigh bones and 
certain other parts that I have vacillated 
between speculations as to whether the 
man in life was a tailor, a Turk or one 
of those Russian performers who do that 
peculiar squat-and-kick Cossack dance. 
Alas, these poor Yoricks! We did not 
know them well, or at all, and we can 
make very little of their remains. 

Sir Arthur Keith relates that he ex¬ 
amined the supposed mummy of the 
Pharaoh of the Exodus and identified 
him as the veritable Pharaoh who re- 
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peatedly 4 ‘hardened his heart/’ since he 
showed clear signs of arterio-sclerosis. 
But even this exact pathological-histori¬ 
cal correlation involves a slight diffi¬ 
culty, since the mummy in question was 
not recovered from the bottom of the 
Red Sea. 

The uniformity of the organic regimen 
in savages permits us to make reason¬ 
ably certain deductions as to the rela¬ 
tionship between their diets, their habits 
and their physiques. The Eskimo, for 
example, presents an excellent opportu¬ 
nity for studying the effect upon the 
body of an almost complete subsistence 
upon fish and flesh—generally raw. 
Many of the American Indians lived 
principally upon maize; others de¬ 
pended largely upon buffalo meat, while 
still others had as their staple of diet 
salmon or manioc. Certain pastoral 
tribes of Africa confine themselves al¬ 
most exclusively to milk, beef and 
blood; the milk of the camel is the main 
article of food among some desert no¬ 
mads; many of the congested popula¬ 
tions of Asia live principally upon rice. 
Of course it is by no means universally 
the case that primitive peoples have un¬ 
varied diets consisting of one or two 
staple foods. As a matter of fact, many 
if not most savages eat almost anything 
which is maBticable and will serve to fill 
an aching void and provide a slight 
amount of nutrition. Even the latter 
consideration is frequently neglected in 
some substances which are devoured by 
peoples in impoverished environments. 

It is hardly necessary to contrast with 
the local group uniformity in dietetic 
habits which prevails among primitive 
peoples, the extraordinary diversity of 
diets which civilized man can command 
and does utilize. Modern means of 
transportation and of refrigeration per¬ 
mit the individual not only to vary his 
diet to an almost unbelievable degree, 
but also to indulge in many gastronomic 
specializations according to his consti¬ 


tutional type, his prejudices and his 
pocketbook. This again makes the inter¬ 
pretation of the individual’s biology 
difficult if not impossible, unless you 
know what he eats and how much he 
eats. Some years ago Professor E. L. 
Miloslavich devoted himself to a some¬ 
what bizarre anthropometric research— 
that of measuring the length of the 
large intestine in various ethnic groups. 
He found that he was able to classify 
his material in three main categories: 
(1) persons with short colons (brachy- 
colic, up to 160 cm), (2) those possess¬ 
ing colons of moderate length (ortho¬ 
colic, 160 cm-175 cm), (3) those pre¬ 
senting long eolons (dolichocolic, over 
175 cm). Miloslavich established the 
fact that medium-gutted types were par¬ 
ticularly characteristic of Central Eu¬ 
rope (Croats, Slovenes, Czechs, Ger¬ 
mans, German Austrians); short-gutted 
types were at a maximum among Mag¬ 
yars, Asiatic Turks, Asiatic Russians 
and West Poles; whereas the dolichocolic 
group included most of the Southeastern 
Europeans (Serbs, Montenegrins, Rus¬ 
sians, Slovaks, Rumanians, European 
Turks, Ruthenians). 

Our visceral investigator was cautious 
in drawing conclusions from his data, 
but he intimated that changes in envi¬ 
ronment may influence the length of the 
colon, just as head form changes in the 
children of immigrants born in this 
country. Thus European Turks tend to 
show Balkan rather than Anatolian 
types of colon, whereas East Prussians 
have apparently added a cubit or two to 
their colic length, by sojourning in the 
Slavic region. Possibly diet has some¬ 
thing to do with these variations—a 
statement which brings me to the point 
of this illustration. It is well-nigh im¬ 
possible to make correlations of diet with 
anatomy and physiology in civilized 
European peoples because of their 
promiscuous feeding habits. Thus we 
are left in an unhappy state of uncer- 
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tainty as regards the significance of our 
colic lengths; whether, if they are short, 
it is because we are or ought to be car¬ 
nivorous ; or if there are any vegetarian 
or frugivorous implications of dolicho- 
coly. Contrast with this the pleasing 
certainty of deduction which attaches to 
recent and as yet unpublished re¬ 
searches of my friend, Professor George 
D. Williams, of Washington University, 
who has been soaking up the desiccated 
tissues of some Eskimo mummies from 
Greenland. Dr. Williams and his col¬ 
league, Dr. H. A. McCordock, have 
identified roentgenographically and his¬ 
tologically a large number of the calci¬ 
fied eggs of fish tape-worm in the liver 
of one of these defunct Eskimos. Now 
we know that raw fish is a staple of 
Eskimo diet. We need not worry about 
the individual tastes and habits of Es¬ 
kimos—an Eskimo must eat fish and 
does eat fish, whether he likes it or not, 
and he eats it raw. Therefore the in¬ 
cidence of fish tape-worm among Eski¬ 
mos does not depend upon the idiosyn¬ 
crasies of individual Eskimos as much 
as upon the degree of tape-worm infesta¬ 
tion of the fishes they eat. In other 
words, if we find a tape-worm in a civ¬ 
ilized individual we can infer only that 
the person in question has eaten some¬ 
thing from which he acquired a tape¬ 
worm; but if we find it in a savage, we 
may plausibly deduce that the same kind 
of unwelcome guests are probably run¬ 
ning riot or living riotously in many of 
his fellow savages who subsist on pre¬ 
cisely the same diet. 

A second category of factors which 
contributes to the peculiar instructive¬ 
ness of primitive biology is that which 
arises from the geographical isolation of 
savages. The first of these factors is the 
intensification of hereditary traits by 
inbreeding. This leads to clear demon¬ 
strations of genetic factors in the pro¬ 
duction of physical types and illumi¬ 
nates the causes of racial differentiation. 


It may be that it is isolation which keeps 
the savage savage, or it may be that the 
savage becomes isolated because he is a 
savage. In any event it is certain that 
only isolation keeps the savage alive, 
since he is almost invariably extermi¬ 
nated by contact with civilized peoples. 
I recently heard a highly educated 
Pueblo Indian girl comment with gentle 
irony upon the elaborate celebration of 
Thanksgiving Day forced upon the In¬ 
dian children in the government schools 
of the Southwest. Certainly no savage 
has reason to be thankful for the inven¬ 
tion and development of modern means 
of transportation or for anything else 
which has made him accessible to the 
lethal white. There is even some reason 
to doubt whether the bringing of all 
parts of the world close together has 
been an unmixed blessing to civilized 
nations. Facile communication is as 
likely to lead to trouble as to better 
understanding. 

Be that as it may, civil communica¬ 
tions corrupt good savages. Isolation 
means salvation for the savage, and for 
the biologist who studies him it means 
that his subjects are protected within 
the walls of a natural laboratory. Since 
the only areas which remain isolated to¬ 
day are those which are relatively un¬ 
suitable for the maintenance of the large 
populations of domesticated man, the 
savage generally has to live in environ¬ 
ments which do not favor or permit a 
great increase in his numbers. Conse¬ 
quently, intensive inbreeding takes 
place. This effects the isolation of 
homozygous types. The combinations of 
recessive characters which result are 
often very unfavorable, but the persons 
possessing such combinations tend to be 
eliminated by natural selection, leaving 
the dominants purified of abnormalities, 
monstrosities and serious weaknesses. 
I have no interest here in arguing the 
relative merits of inbreeding and out- 
breeding in human stocks. It is my task 
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merely to point out that the rapid isola¬ 
tion of homozygous factors in man as a 
function of the intensity of inbreeding 
may best be observed among savages. 

It seems probable that most of the 
hereditary physical characteristics 
which we utilize as criteria of racial 
types are either favorable variations 
which have a survival value or indiffer¬ 
ent variations which are dominant, or 
variations which are alike beneficial and 
dominant. There is little or no chance 
of appraising the significance of racial 
variations or of other physical varia¬ 
tions in the stew of hybridized popula¬ 
tions living under artificial conditions of 
civilization. Here recessive weaknesses 
of hereditary origin are obscured by 
heterozygosity. They are overlaid by 
dominant traits to such an extent that 
probably the majority of us are little 
better than perambulating whited sepul¬ 
chers. Recessive combinations of infe¬ 
riorities are in part protected by a 
fatuous humanitarianism—immured in 
prisons, insane asylums, almshouses and 
other public institutions. But many of 
them stalk or hobble unrecognized 
through the civilized scene, playing 
every occupational role, but none of 
them well. Under these conditions ge¬ 
netic observations are well-nigh impos¬ 
sible, on account of the lack of pure 
lines, the presence of an infinite variety 
of mixed strains, the complexity of the 
environmental setting and the benevo¬ 
lent interference of science and social 
uplift with the operation of a purgative 
natural selection. 

On the other hand, if the geneticist 
or the eugenist (and I do not mean by 
the latter a Nordic propagandist) is 
permitted to make his observations in a 
relatively homogeneous savage society, 
he can note the inheritance of features 
which appear to be racial and those 
which are suspected to be adaptive; he 
can judge to some extent whether char¬ 
acters are dominant or recessive, and 


can even hazard a guess as to the sur¬ 
vival value of certain physical varia^ 
tions. If recessive features crop out he 
can observe the biological fate of those 
manifesting them, since among primi¬ 
tive peoples there are few if any ob¬ 
stacles interposed in the path of ruthless 
natural selection. If any physical varia¬ 
tion is functionally advantageous, that 
advantage can be most readily discerned 
in groups which have not departed so 
far from the state of nature as to de¬ 
prive the variation of its utility. If the 
woolly hair of the Negro has any sur¬ 
vival value, that value must be deter¬ 
mined by studies in tropical Africa, not 
in Harlem. 

Yet another factor arising from the 
isolation of primitive groups and con¬ 
tributing to the profit of biological 
study of savage peoples is the range of 
environmental accommodations of the 
human organism which they present. 
Savages live, for the most part, in the 
remote places of the world. Wherever 
there is a place left for savages it is un¬ 
desirable from the point of geographical 
location, climate or other detrimental 
features of the environment. The fever- 
infested swamps, the tropical jungles 
with their profusion of disagreeable 
flora and deadly fauna; the deserts with 
their poverty of nearly everything ex¬ 
cept sand and heat, the chilly inhospi¬ 
tality of the circumpolar regions—these 
are all the homes of primitive man. He 
has to get along in the regions which no 
civilized man cares to inhabit. Conse¬ 
quently, primitive peoples live under 
more diverse ecological conditions than 
the domesticated members of the human 
species and of necessity exhibit a wide 
range of physical and physiological 
adaptations. Civilized man prides him¬ 
self upon adapting his environment to 
himself and it must be admitted that he 
has had no little success in this direc¬ 
tion. 

The clearing of forested areas for 
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agriculture, the irrigation of arid lands, 
draining of swamps and marshes, utili¬ 
zation of water power, destruction of 
insect and animal pests, are all methods 
whereby man utilizes or transforms his 
physical environment, thereby evading 
in large measure the necessity of adapt¬ 
ing himself to that environment. Primi¬ 
tive or savage man has succeeded in 
ameliorating his environment to a very 
limited extent only. This is not neces¬ 
sarily because he is more stupid and less 
inventive than civilized man (although 
he may be both), but on account of the 
peculiarly unadaptable and recalcitrant 
environments to which he has been re¬ 
duced. Although the savage may have 
“a goodly 'heritage,” his lines have not 
4 4 fallen in pleasant places. ’ 9 Practically 
all the inhabitable temperate zones and 
most of the endurable tropics have been 
wrested from him by his decidedly un¬ 
civil, though civilized, brother. 

Under these circumstances the savage 
organism has to shift for itself in the 
most pestilential and dreary spots which 
the earth affords. Hence if you wish to 
find out how the human body accommo¬ 
dates itself to a continued existence gen¬ 
eration after generation in tropical 
swamp lands, you must study certain 
savage tribes of the Amazon basin or of 
the Nile headwaters, or of other such 
undesirable places abandoned to the 
savage. If you are ambitious to discover 
the effect upon man of a sunless, 
steamy, tropical jungle, you may inves¬ 
tigate the Negritos of Central Africa or 
of New Guinea. The influence of ex¬ 
tremely high altitude upon the human 
animal can be ascertained among the 
relatively simple peoples of the Andes 
or of the Tibetan plateau. 

Among the phenomena which arise 
from the geographical isolation of primi¬ 
tive groups is the stabilization of hy¬ 
bridized types. Race mixtures are most 
extensive in civilized society, but usually 
take place under conditions which make 


scientific observation very difficult and, 
frequently, impossible. In the first 
place miscegenation has gone on so long 
among civilized peoples that an almost 
infinite variety of mixed types already 
exists and pure racial types can not be 
isolated with any degree of certainty. 
The hereditary combinations have be¬ 
come so numerous as to defy genetic 
analysis. This is particularly true in 
the group of races which are crudely 
classified as 44 white.” Dr. R. R. Marett 
has remarked that 44 a casual observer of 
savage life is apt to imagine it a welter 
of amatory confusion. ’ ,l He might well 
have added that a scientific observer of 
civilized life is forced to regard it as a 
broth of mongrel promiscuity. Such a 
statement applies not only to mixtures 
between the white races in Europe and 
in the United States, but also to wider 
racial crosses between radically diver¬ 
gent stocks in most parts of Latin Amer¬ 
ica and in many Asiatic countries. 

It is not only the great diversity of 
racially blended types which makes the 
study of race mixture so difficult in civ¬ 
ilized countries, but also the social 
stigma under which wide crosses take 
place. By a wide or radical cross, I 
mean an interbreeding of two physically 
divergent races, such as occurs when a 
North European mates with a Negro. 
Such mixtures have taken place wher¬ 
ever propinquity has permitted, but 
usually in a clandestine and surrepti¬ 
tious manner, because of the superior 
social and economic position of one of 
the stocks involved and the depressed 
status of the other. Consequently, the 
hybrid offspring of such marriages are 
socially rejected by the dominant and 
usually paternal race and are relegated 
to the subordinate stock which absorbs 
them by back-crossing. Thus there is 
little or no stabilization of hybrid types 
but only a small seepage of blood from 
* R. R. Marett, ‘ * Faith, Hope and Charity in 
Primitive Religion,” p. 77. New York, 1932. 
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the socially exalted race to that which 
is socially abased. In course of time 
such a continued dilution alters the com¬ 
plexion of the recipient race, but only 
gradually and almost imperceptibly. 
The great reservoir of so-called Ameri¬ 
can Negroes has been considerably con¬ 
taminated by this steady trickle of white 
blood, but not in such a way as to make 
for the stabilization of a new and rela¬ 
tively homogeneous racial type. 

Such a state of genetic obfuscation is 
not usually brought about by the contact 
of races under conditions of primitive 
isolation. One reason for this is that 
primitive peoples are probably not race¬ 
conscious to the deplorable or laudable 
extent which is characteristic of civilized 
populations. I mean that they are 
rather naively free from race prejudice 
until they have learned it from bitter 
experience. The American Indian tfas 
quite ready to take the European liter¬ 
ally to his arms until he found out that 
a civilized embrace was inevitably 
throttling. Racial crosses effected on a 
basis of social equality between whites 
and primitive races have occurred only 
in areas of isolation where white men 
have come without women and without 
the numerical superiority which enables 
them to assert their dominance and to 
enslave their savage hosts. Such condi¬ 
tions have been realized in a number of 
out-of-the-way places and have resulted 
in the stabilization of some new and 
biologically interesting hybridized types. 
Among the most important of these may 
be mentioned the Rehoboth hybrids of 
Southwest Africa, the result of mar¬ 
riages of the Dutch with the Hottentots; 
the inbred offspring of Tahitians and 
the English mutineers from the warship 
Bounty , on Pitcairn and Norfolk 
Islands; the Kisarese mestizos, de¬ 
scended from the mixture of a Dutch 
garrison with the natives of a lonely 
East Indian island. The study of these 
three groups by Fischer, Shapiro and 


Rodenwaldt, respectively, has contrib¬ 
uted more to the knowledge of the in¬ 
heritance of racial characters and the 
genesis of secondary racial types than 
could possibly be derived from the in¬ 
vestigation of any racial mixtures tak¬ 
ing place under the congested and 
infected conditions of civilization. 

Another of the reasons why the sta¬ 
bilization of racially hybridized types is 
likely to occur among primitive peoples 
in areas of isolation is because sexual 
necessity knows no law, and islanders 
can not be choosers. In small primitive 
groups no maiden is allowed to wither 
on the virgin stalk, even if she has 
a touch of the whitewash-brush. A con¬ 
siderable increment of a new racial 
stock in an isolated primitive popula¬ 
tion is fairly certain to result in an 
amalgamation which transforms the en¬ 
tire group, because that group is small 
and the population inbreeds until the 
characters of both racial stocks are dis¬ 
tributed about in a new and often 
homogeneous blend. There is no doubt 
that the Polynesian race originated thus 
from a tri-racial mixture of some sort of 
white or Caucasoid stock with Melane¬ 
sian Negroid and Mongoloid elements. 
It is still possible to observe the process 
of race-making by hybridization in 
areas where primitive races meet and 
where the mixture subsequently stews in 
its own juices. 

The last general category of special 
biological opportunities in the study of 
primitive man is that which arises from 
the supposed mental retardation and the 
demonstrable cultural lag of modem 
primitive men or savages. I am rather 
dubious as to the validity of this cate¬ 
gory, since no one has ever proved that 
savages are in reality mentally retarded 
or even inferior in intelligence to civi¬ 
lized peoples. Even if this supposed 
mental retardation exists in fact, it is 
difficult if not impossible to relate it to 
biological phenomena in any significant 
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fashion. Again, although there can be 
no doubt that savages are culturally 
backward, it is by no means clear that 
any causal relationship obtains between 
the inferiority of their material and 
non-material culture and certain archaic 
biological patterns which they preserve. 
On the whole, it seems the part of pru¬ 
dence to look this difficulty boldly in the 
face and pass on. For there are, at any 
rate, a number of vestigial biological 
features which still persist in savage 
society but have vanished in civilized 
communities. These are of enormous in¬ 
terest to the student of evolution. They 
include a number of certainly archaic 
morphological characters, some possibly 
primitive physiological processes and 
sundry variants of the modern biologi¬ 
cal family grouping. All these may be 
classified as survivals. Primitive mor¬ 
phological features, such as protrusive 
jaws, large teeth, undeveloped chins and 
small brains, probably owe their preser¬ 
vation in savage groups to a lack of com¬ 
petition with more advanced evolution¬ 
ary variants. Such scanty genetic 
evidence as is available seems to indicate 
that more highly evolved physical char¬ 
acters tend to dominate over those which 
are less advanced. Thus Negro prog¬ 
nathism is rapidly diminished to the 
vanishing point in crosses with orthog- 
nathous white stocks. 

Furthermore, in spite of the vigorous 
operation of natural selection in primi¬ 
tive society, social selection appears to be 
in abeyance, at least as far as social 
selection implies the preferential mating 
of individuals with highly evolved racial 
characteristics. Of course social classes 
and social stratification exist to some 
extent in savage society, but they are not 
necessarily, or usually, associated with 
physical differences, even when the 
group is racially of composite origin. 
Correlation of racial physical features 
with a superior social status seems to 
depend rather upon the subordination 


of a culturally primitive people by more 
advanced newcomers who are racially 
distinct and who both mingle with the 
aborigines and at the same time impose 
upon them their own esthetic ideals of 
racial beauty. This is a phenomenon 
typical of race mixture under the special 
conditions described. 

However, in a simple savage group 
which is racially comparatively homoge¬ 
neous archaic morphological features are 
likely to be distributed generally in the 
population and are not subjected to the 
Mendelian dominance of more highly 
evolved features brought in by a new 
race. Nor does any stigma of social in¬ 
feriority adhere to prognathous jaws 
and black skins when every one possesses 
them. It follows that primitive ances¬ 
tral traits, whether anatomical, physio¬ 
logical or sociological, flourish like the 
green bay tree in isolated savage socie¬ 
ties, as long as they are not detrimental 
to the survival of the species. * 4 If thine 
eyebrow offend thee, pluck it out” is a 
maxim which would not be current in 
an unspoiled primitive group whose 
racial features include a thick and con¬ 
tinuous supraorbital fringe of hair. 
Man in a state of nature has never 
learned to despise those features of his 
physical inheritance which may be remi¬ 
niscent of an ape ancestry, nor to exalt 
and select as eugenic ideals bodily traits 
which may be the end products of de¬ 
generative evolution. This idyllic catho¬ 
licity of taste in bodily beauty is in 
happy contrast with the perverted fas¬ 
tidiousness in racial characters which 
has grown up in certain civilized peoples 
of mixed racial origins. 

In Germany the obsession of race has 
grown from a morbid inferiority com¬ 
plex to a national psychosis. It so hap¬ 
pens that the Germans have fallen into 
the unfortunate habit of taking their 
science in general, and their anthropol¬ 
ogy in particular, too seriously. A most 
important element of their historical 
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and political education is the conscious 
effort to build up in their citizens a 
physical ideal of the traditional Ger¬ 
man, tricked out in Nordic racial linea¬ 
ments and replete with all the heroic 
virtues of a superman. Thus the official 
German is tall, broad-shouldered, lean- 
flanked and clean-limbed (whatever that 
may mean), dolichocephalic or long¬ 
headed, with yellow blond hair, eyes of 
cerulean blue, fair pink skin (such as 
one loves to touch), thin, high-bridged 
nose uncompromisingly straight in pro¬ 
file or with just a hint of the aquilinity 
that is aristocratic and not Semitic, thin 
determined lips, long horse face, and an 
aggressive chin. 

Now this is all very attractive, but 
quite inaccurate. Comparatively few 
Germans answer this description. Un¬ 
doubtedly a far more typical Teutonic 
portrait would be: short, squat, thick 
stubby limbs, protrusive abdomen, head 
flat at the back, bulging at the temples, 
brachycephalic; hair mousy brown, eyes 
mixed or beer-colored; skin muddy, nose 
bulbous, blobby; jowls pendant, lips 
blubbery, chin multiple. Several other 
descriptions different from either of the 
preceding would apply to great hordes 
of true Germans with sufficient exacti¬ 
tude. The facts of the matter are that 
the area of the present German Reich 
has been occupied since early Neolithic 
times—perhaps six thousand years ago 
—by three or four different racial 
stocks of the white division of mankind, 
and by a great variety of mixed types 
which have arisen from their interbreed¬ 
ing. At no time is there anthropological 
evidence that it was wholly populated 
by golden-haired Nordics, although 
doubtless this element was predominant 
in Northern Germany up to early his¬ 
toric times. The result of inculcating 
into the German people this spurious 
racial ideal of a supposititious Nordic- 
ism has been singularly unfortunate. 
First of all, it has promoted the devel¬ 


opment of a process of social and sexual 
selection which depreciates all racial 
combinations of physical features except 
one only. The latter certainly does not 
represent a crystallization of the sum 
total of racial virtues, whether physical, 
mental or moral. 

This lusting after Nordicism has de¬ 
veloped in the German people of non- 
Nordic physical features (and these 
include the vast majority) a racial in¬ 
feriority complex which has vicious 
outlets in several directions. The most 
sinister activity emanating from this 
complex has been the persecution and 
expulsion of the one element in the Ger¬ 
man population which is generally 
agreed by Germans to be non-Nordic, 
or, of late “non-Aryan'’—namely, the 
Jews. Apart from this unfortunate 
people every German is his own Nordic 
and is allowed to explain his deviation 
from the official racial type in a variety 
of more or less plausible ways. Most of 
these have been invented by patriotic 
German anthropologists, who have been 
forced to the most astounding subter¬ 
fuges in their attempts to derive the 
modern brunet, brachycephal Germans 
from the traditional blond long-heads. 

One of these was the famous but 
rather unconvincing effort of the Ba¬ 
varian anthropologist, Ranke, to prove 
that the Bavarians owed their round- 
headedness and their dark complexions 
to a prolonged sojourn in the Alpine 
foothills. Another ingenious idea re¬ 
lated the brachycephalization of the 
modern Germans to an increase in 
cranial capacity or brain size. Since a 
spherical container is the most economi¬ 
cal in form, it is quite evident that an 
accretion of brain mass would tend to 
transform an egg-shaped skull into one 
broader relative to its length, if such an 
increase were accompanied by no gen¬ 
eral enlargement in body size. How¬ 
ever, a slight difficulty in the way of 
accepting this explanation is the fact 
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that no increase in cranial capacity or 
in brain size from prehistoric to modern 
times has been demonstrated in the Ger¬ 
man population. One of the most amus¬ 
ing efforts to prove that the German 
people are blond was the pigmentation 
survey of six million school children car¬ 
ried out by the Government soon after 
the Franco-Prussian war. It is well 
known that in mixed races containing 
blond and brunet strains, light hair and 
eyes manifest themselves temporarily in 
infancy and childhood, but a subsequent 
addition of pigment causes darkening of 
hair and eyes in adolescent and adult 
life. Neither infantile nor Hollywood 
blondes can be accepted as unquestion¬ 
able Nordics. 

None of these expedients have suc¬ 
ceeded in convincing the Germans them¬ 
selves, or any one else, that they are 
predominantly Nordic in their racial 
characteristics. Hence they wreak their 
inferiority complex upon the Jews, and 
still the inward clamor of their doubts 
by waving swastikas and by pulling the 
beards of ancient Israelites (who prob¬ 
ably possess as much Nordic blood as 
they themselves). This lengthy digres¬ 
sion into modem biology is not justified 
by my subject, except in so far as it em¬ 
phasizes my point that savage societies 
offer superior advantages for the obser¬ 
vation of racial characters and especially 
for studying archaic morphological pat¬ 
terns, because in contrast to civilized 
man the savage is naked and unashamed. 
And if I have trespassed upon the pre¬ 
serves of the following speaker, I can 
only plead in extenuation the wilful 
nomadism of the physical anthropolo¬ 
gist, who insists upon a range of investi¬ 
gation all the way from the higher 
primates to the lower politicians. 

I have listed among the special oppor¬ 
tunities offered to the biologist in the 
study of primitive human groups the 
preservation of physiological processes 
which are also primitive. In an expan¬ 


sion of this paper I intend to justify 
this claim to an extent limited by the 
exiguous amount of physiological re¬ 
search which has been carried on among 
savages. Frankly it is in large measure 
an assumption, based upon the indubi¬ 
table fact that archaic morphological pat¬ 
terns are preserved among savages and 
upon the rather questionable inference of 
a parallelism between form and function. 
I take it that the strongest evidence in 
favor of a primitive type of physiology 
among savage peoples is found in the 
higher percentages of such remote 
groups which exhibit, apparently, the 
lack of the blood group agglutinogens, 
A and B, which occur as dominant mu¬ 
tations and have been diffused through¬ 
out the more civilized peoples. The 
vague and uncertain indications among 
savages of a partial retention of the 
sexual periodicity which may have 
characterized our protohuman ancestors 
are hardly worth a passing mention, 
since it is now known that apes and 
monkeys, like man, make love all the 
year round. Such indications are prob¬ 
ably illusory. But the studies of the 
relation of sex and the reproductive 
cycle to the social life of baboons, re¬ 
cently carried out by Dr. S. Zuckerman, 2 
point clearly the importance of these 
factors in the social organization of 
primitive man. The physiology of re¬ 
production, if it does in fact condition 
the entire social life of man, may best 
be studied in the simpler savage groups. 

The indubitable survival in savage 
society of primitive variants of the bio¬ 
logical family grouping offers a field for 
research which still retains many fruit¬ 
ful possibilities for the social anthro¬ 
pologist and for the physiologist. In the 
minds of most civilized peoples there 
appears to appertain to monogamy a 
certain moral sanction not dissimilar to 
that adhering to the conception of mo- 

2 S. Zuckerraan, * ‘ The Social Life of 
Monkeys and Apes.” New York, 1982. 
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notheism. Both are considered to be 
now as they were in the beginning and 
ever shall be, world without end. Some¬ 
what more liberal treatment is accorded 
to man than to the deity, in that the 
former is allowed to have, at any rate, 
one wife. This monorail type of belief 
and practise does not obtain in all primi¬ 
tive societies. If there has been any 
sort of evolution of the family in man, 
its stages can be reconstructed only from 
the investigation of the higher primates 
and of primitive man, although the dis¬ 
ruption of that grand old institution is 
abundantly exemplified in civilized so¬ 
ciety. Whether or not these familial 
variants in savage groups arise from 
mental retardation or cultural lag is 
a question I propose to argue subse¬ 
quently. 

So far you have been treated to an 
effusion or spattering of reasons why 
primitive man makes the ideal labora¬ 


tory animal, supported largely by con¬ 
tra-indications with respect to civilized 
man. I do not wish to give the impres¬ 
sion of a mere sadist flagellating civi¬ 
lized man over the shoulders of the 
savage. The foregoing pages are, rather, 
in the nature of a preambulatory survey 
—a sort of preliminary scientific sniff. 
The opportunities of savage biology 
should be discussed under the several 
headings of morphology, physiology, 
pathology, psychology and sociology. 
Obviously none of these subjects can be 
exhausted within the limits of the pres¬ 
ent paper. It is possible only to exhaust 
the listener and the allotted time. This 
much already has been accomplished. I 
must beg the pardon of my audience for 
proceeding directly from grace before 
meat to finger-bowls. If you have been 
offered nothing more substantial than a 
menu-card, you are spared, at least, the 
pangs of indigestion. 


MODERN SOCIAL ORGANIZATION 

By Dr. F. H. HANKINS 

PROFESSOR OF SOCIOLOGY, SMITH COLLEGE 


The essential traits of modern social 
institutions derive from the emergence 
of a free society out of the caste society 
of the feudal epoch. The most impor¬ 
tant contrast between the two social or¬ 
ders is in the extent of free mobility, or 
the opportunity of the individual of su¬ 
perior gifts to elevate his social status 
and likelihood that one of inferior ca¬ 
pacities will, of his own weight, sink in 
the social scale. 

The development of democratic indi¬ 
vidualism destroyed more or less com¬ 
pletely, especially in the newer parts of 
the western world, the medieval class 
alignment of aristocracy, clergy, trades¬ 
men, artisans, freeholders and serfs. 
That was in many respects a society of 
hereditary classes, in which all but a few 
individuals remained in the social status 


into which they were born. There was, 
no doubt, some mobility or movement 
from social level to social level. Strong 
and able men pushed upward from low 
to high ranks. They did so, however, by 
the force of their own personalities and 
against both tradition and social opposi¬ 
tion. Such mobility increased with the 
growth of the towns as the middle 
classes of merchants and traders grew 
in numbers and importance, especially 
after the commercial revolution. In 
general, however, that society tended to 
preserve the biological composition of 
the different social classes in a fairly 
stable state. The slight mobility which 
it permitted may warrant the assump¬ 
tion that on the whole the upper classes 
were by nature slightly more able and 
gifted than the lower. But such differ- 
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ences, if any, must have been slight in 
such populations as those of Europe, 
where the superposition of race and 
class was largely a consequence of his¬ 
torical chance and change and, so far as 
we know, no indication of biological 
differentiation. 

Another important feature of medie¬ 
val society was the very definite and 
effective restriction on marriage of the 
lower orders. The somewhat scanty 
data available show that while the up¬ 
per, independent classes married earlier 
than at present, the lower classes not 
only married considerably later but 
often did not marry at all. Restrictions 
were imposed by custom and law, as well 
as by the force of a stationary or slowly 
improving economic situation. Broadly 
speaking, serfs, cotters and other culti¬ 
vators of the soil could not marry until 
a house was made available by death. 
Pollard notes that during the middle 
ages “the number of holdings was al¬ 
most stationary and the number of fam¬ 
ilies fixed.” 1 In the towns, guild regu¬ 
lations not only bound apprentices for 
a long term of years but made difficult 
the marriage of journeymen. As the 
guild system reached its height its regu¬ 
lations and requirements for member¬ 
ship became more strict. One of the 
objects of these regulations was to pre¬ 
vent early marriage. 2 In addition to a 
considerable number of celibate servants 
and servitors, there was a large number 
of religious celibates, drawn mainly 
from the lower classes. 

The emergence of middle-class democ¬ 
racy, reinforced by the transforming 
power of the industrial revolution, 
fundamentally altered both these out¬ 
standing traits of medieval society. It 
raised social mobility to the highest 
pitch and made early marriage the privi¬ 
lege of the lower classes and late mar¬ 
riage almost a necessity of the upper. 

1 Quoted by Carr-Saunders. * * The Popula¬ 
tion Problem / 9 280. 

* im. f 281. 


Democratic society sought the oblitera¬ 
tion of class lines and did succeed in 
destroying most of the remnants of 
hereditary title and privilege. It sought 
to establish equal opportunity for all. 
It asserted its devotion to the doctrine 
of “the open road for talent.” It 
prided itself on establishing a social 
order in which men would be rewarded 
according to their individual merit re¬ 
gardless of their birth and in which 
positions of power and responsibility 
would be attained by those who proved 
their worth in fair competition with 
their fellows. Its ideal was to give all 
as nearly as possible an equal start in 
life and by removing handicaps to en¬ 
able the best man to win. To these ends 
it established the system of universal, 
and even compulsory education, often 
with scholarships and other aids for the 
poor but worthy, in order to enable the 
individual to rise as high as his ability, 
energy and perseverance would carry 
him. Democracy was animated by the 
belief that the main causes of differ¬ 
ences in social status lay in differences 
in the start in life or in environmental 
circumstances. Men were believed to be 
by nature equal or nearly equal, so that, 
if the socially handicapped were only 
educated and prepared for the compet¬ 
itive struggle of mature life, we should 
destroy poverty, equalize wealth and 
spread the benefits of our higher culture 
more or less evenly through the entire 
population. This is still a living faith 
among large elements of the American 
people. 

However, a century of extensive ex¬ 
periment with these ideas leaves us with 
a society more or less definitely stratified 
as regards wealth, power and culture. 
The class differences in most of the ob¬ 
jective marks of class seem to be as 
great or nearly as great as formerly. In 
actual amounts of property and income 
they may be even greater. The growth 
of a complex civilization is accompanied 
by the process which the sociologist calls 
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pyramiding, or a tendency toward an in¬ 
creasing division of labor, a finer and 
finer occupational stratification of the 
population and an increasing difference 
in the wealth and power of those at the 
top and those at the bottom of the social 
structure. While we have had a society 
in which mobility has been raised to the 
highest possible level, most of this mo¬ 
bility is lateral, or the movement of men 
from place to place, or from occupation 
to occupation, without much change in 
social rank. We tend to re-form into a 
caste society while maintaining the out¬ 
ward forms of free mobility. The up¬ 
ward movement of the able, energetic 
and ambitious has been facilitated as a 
conscious social policy, while at the same 
time it would seem to be increasingly 
true that each class recruits itself 
mainly from itself. The thesis I present 
then is that our democratic individual¬ 
ism destroyed a society based on hered¬ 
itary title and privilege but with consid¬ 
erable biological homogeneity among the 
classes, and with definite restriction of 
the fertility of those least able to sup¬ 
port offspring, only to produce a society 
having little hereditary privilege but in 
which biological differentiation between 
the social classes has become more and 
more marked, and in which the fertility 
of those most fitted by birth and re¬ 
sources to produce offspring has been 
widely restricted. 

All features of our culture have co¬ 
operated to produce this new stratifica¬ 
tion. In the first place, the unparalleled 
material progress has given a tremen¬ 
dous and long-continued stimulus to 
ambition. The prizes of life have been 
very great, and the fields in which they 
have been offered have J)een numerous, 
varied and inviting to men of talent and 
ambition. During much of the last cen¬ 
tury new lands and vast new natural 
resources were being opened up for ex¬ 
ploitation. The progress of science and 
invention created ever new opportuni¬ 


ties, as did also the steady improvement 
and exploitation of capitalist, industrial 
techniques. All this was accompanied 
by a rapid increase of population, 
which, together with a rapidly compli¬ 
cating culture, furnished a continuously 
expanding arena for the ambitious. 
There always seemed to be room at the 
top and sure rewards for those who 
combined energy, ability and persistent 
effort. 

Then, in the second place, the regime 
of free competition made these prizes 
available for all and sundry, regardless 
of birth. We held these prizes steadily 
before the eyes of ambitious youth and 
sought by education, precept and exam¬ 
ple to stimulate them to their highest 
efforts. The popular mind was repeat¬ 
edly thrilled with the stories of men ris¬ 
ing from poverty to affluence or from 
unfavorable social environments to po¬ 
sitions of power and honor. 

In the third place, universal popular 
education undoubtedly succeeded in ac¬ 
complishing to a large extent its con¬ 
scious purpose of lifting the poor and 
obscure individual of sound mind and 
body to a social level corresponding 
more or less accurately to his capabili¬ 
ties. A century ago those who went to 
college came almost exclusively from 
families of considerable culture and 
nearly all of them expected to enter the 
professions. With the improvement 
and extension of educational facilities 
the backgrounds of high-school and col¬ 
lege students became more diverse, 
until, during recent decades, the col¬ 
leges have drawn boys and girls of all 
racial, national and occupational groups. 
Our educational machinery has thus 
become, in fact, a gigantic sorting ap¬ 
paratus. 8 All children are taken in at 
the bottom and a very considerable pro¬ 
portion of them are carried as far as 

» N. J. Lennee, 11 Whither Democracy! Does 
Equalizing Opportunity Create Hereditary 
Social Classes! * ’ Harper and Brother®, 1927. 
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their ability, temperament and ambi¬ 
tion will permit. So far as education is 
synonymous with opportunity in our 
culture, millions have had more of it 
than they could utilize. 

No doubt it is true that the educa¬ 
tional machine has not been perfect as 
a selective device. Some children have 
been compelled to drop out because of 
poverty or some unfavorable life contin¬ 
gency. The gradual extension of child 
labor legislation and the progressive ele¬ 
vation of the ages of compulsory educa¬ 
tion have, however, sought to prevent 
children leaving school before the ages 
14 to 16. They have reduced the exploi¬ 
tation of children by parents, and in 
doing so have probably become impor¬ 
tant factors in the reduction of the birth 
rate. They have, however, gone far to 
enable talented children to be discovered 
or to discover themselves, so that with 
the increasing provision of scholarship 
and other aids, gifted boys and girls 
have been able to rise from the lowest 
levels to the highest. Moreover, the 
most extensive researches thus far made 
indicate that the most frequent cause of 
elimination from the grades below the 
high school is retardation because of low 
mentality. 4 There is an extensive body 
of testimony as to the general associa¬ 
tion between brightness and progress 
through the schools. A fundamental 
principle which has exerted enormous 
selective influence through the educa¬ 
tional system is that bright children not 
only learn faster than dull ones but they 
continue to learn longer. Bright chil¬ 
dren in general have taken greater in¬ 
terest in educational activities. They 
have been more readily stimulated; 
their ambition more easily aroused. 
The extensive development of higher 
education, both cultural and vocational, 
has been accompanied by extensive re- 

4 E. L. Thorndike (1907), Leonard P. Ayres 
(1909), Helen I. Wooley (1923), L. Thomas 
Hopkins (1924), and others. 


cruiting of the bright and able from all 
social ranks. There is much evidence 
that those who have succeeded well at 
any given point in the educational 
scheme have been generally selected for 
still more education. There is a grad¬ 
ual elevation of the average IQ level 
from grade to grade. Those entering 
the high school from the grades excel 
those who finish the grades but do not 
go on. So also with reference to those 
who graduate from the high school and 
go on to college or special training. 
Moreover, it has become increasingly 
true that access to the higher vocational 
levels has become increasingly depen¬ 
dent on success in passing through the 
educational machine. 

I would not exaggerate the extent of 
this selection of intelligence. The evi¬ 
dence, such as it is, indicates that a 
smaller and smaller proportion of those 
who are mentally capable of doing the 
work reach each successive grade after 
the fourth or sixth. If, however, of 
those having the requisite ability only 
one half complete the high school and 
not over one fifth the college, and if a 
proportion of these are thereby drawn 
to higher social levels, the upshot of 
these conditions would be the mainte¬ 
nance of the biological quality of the 
upper levels by recruits from below. 
This process would lead inevitably to 
the relative genetic impoverishment of 
the lower classes. Unless the genetic 
principles governing man’s traits are 
essentially different from those of his 
domestic animals, one may be quite cer¬ 
tain that the selective processes above 
sketched, even if they acted only 
roughly, would in two generations result 
in measurable differences in the distri¬ 
bution of the selected traits in the upper 
and the lower levels of our population. 

One may hold that selection has not 
worked; or he may hold that, even al¬ 
lowing for some selective mobility, the 
population is an inexhaustible reservoir 
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of gifted and able strains; or be may 
argue with the social environmentalist 
that elevation in the social scale is a 
consequence of favoring circumstances 
and has little or nothing to do with 
heredity. None of these positions ap¬ 
pears tenable in the light of facts. No 
doubt there are social advantages and 
disadvantages distinguishing different 
elements in the population which tend 
to perpetuate themselves under the 
operation of sentiment, law and eco¬ 
nomic forces. Nevertheless, the differ¬ 
ences between our social stratification 
and that of a hereditary class society 
seem to be so great as to make any anal¬ 
ogy between the two fundamentally 
erroneous. 

It is particularly argued that bad 
environments have cumulative effects. 
The poor are poor because their parents 
were poor. So also with the ignorant, 
the wayward and the vicious. No doubt 
there is some truth here. The standard 
of living in any family strain tends to 
perpetuate itself. A low standard, for 
example, is associated with early mar¬ 
riage, with inadequate preparation for 
economic success and with too numer¬ 
ous progeny. This round of events 
tends to repeat itself. At the opposite 
end of the social scale the opposite round 
of events likewise is repeated. More¬ 
over, it is probably easier to prevent an 
ordinary person born in high status 
from sinking in the scale than it is for 
a somewhat more gifted person to rise. 

However, there are certain counter¬ 
vailing considerations. Over against 
cumulative and continuing effects of a 
cultural environment may be set both 
the direct and the indirect effects of 
heredity. In the American environ¬ 
ment opportunity has most of the time 
been not inconsiderable; education has 
been nearly universal: and the stimuli 
to advancement have been numerous. 
If under these conditions a family re¬ 
mains steadily from generation to gen¬ 


eration on very low levels of social effi¬ 
ciency, one may at least suspect that 
heredity is an important factor in the 
situation. Conversely, if a family 
maintains itself from generation to gen¬ 
eration on a high social level, amidst the 
changes and chances of a complex cul¬ 
ture, with the necessity of constant 
readjustment to a changing social 
milieu, one may suppose that good stock 
is represented. Heredity in the long 
run and to some extent either shapes or 
finds its own environmental level. It is 
not an accident that investigation after 
investigation, using different criteria, 
finds the better stocks in the better en¬ 
vironments and the poorer stocks in the 
worse. Able, energetic parents, taken as 
a group, not only tend to produce able 
and energetic children, but they provide 
for them healthful surroundings and 
good education. Stupid, unstable or 
lazy parents tend to have children like 
themselves and to rear them in less than 
optimum environments. In a freely 
competitive social order the environ¬ 
mental status of a family may very 
plausibly be viewed as to some degree 
a consequence of its special combination 
of genetic traits. 

Then there is the obvious fact that 
many thousands have risen and are ris¬ 
ing from lower to higher levels, while 
others are sinking in the social scale. 
Sheer luck is no doubt a factor here. 
Nevertheless, by every test we have, 
whether mental test, educational success 
or achievement in practical affairs, those 
that ascend are, on the average, more 
able than those they leave behind. Cer¬ 
tainly, one of the greatest ambitions of 
average American parents has been for 
their children to rise to levels of higher 
social esteem. Manual workers by the 
millions have striven to give their chil¬ 
dren every opportunity to move into the 
soft-hand, white-collar vocations. Fi¬ 
nally, we may observe that unless this 
upward mobility has occurred, then our 
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vast expenditures for education have 
been a hideous deceit. If, in spite of our 
elaborate educational machinery and the 
multiplication of social service activi¬ 
ties, it is still possible to say that those 
who have been most successful in solving 
the problems of life in our society are 
inherently no better than those who 
have been least successful, then democ¬ 
racy has utterly deceived itself. 

Such a priori arguments as the fore¬ 
going for the natural superiority of the 
upper levels are strong enough in them¬ 
selves to convince many, but the skepti¬ 
cal scientist will seek more direct evi¬ 
dence. In the first place, we need some 
objective marks whereby social levels 
may be differentiated. For this purpose 
we may utilize occupation, as in the 
Army or the Barr scales, or the conven¬ 
tional grouping into professional, busi¬ 
ness, commercial, skilled and unskilled 
groups. We may use the amount of 
education, such as completion of certain 
grades, high school, college, technical 
school, university, or professional school. 
We may use also income, home rating 
scales, social status scales, and similar 
devices. All these measures tend to cor¬ 
relate highly one with another. More¬ 
over, they represent the popular and 
widely approved estimates of social 
status. Our schemes of education and 
of economic promotion are designed to 
lift individuals upward from one such 
level to another. 

If, now, we raise the question whether 
these levels represent a biological grada¬ 
tion we are confronted with the difficulty 
of finding satisfactory marks of biologi¬ 
cal worth. For this purpose it is obvi¬ 
ous that no external physical marks, 
such as hair color or shape of nose, will 
do. A man’s biological fitness for 
achievement in our complex society can 
not be judged by his stature nor by the 
size of his head, even though it be dem¬ 
onstrated that both of these traits tend 
to correlate slightly with our scheme of 


social levels. We can not be satisfied 
merely to say that those who have suc¬ 
ceeded best have thereby proven their 
superiority, because it can be replied 
that success or failure are often due to 
good or bad luck, or to a favorable or 
unfavorable start in life. 

The fact is that it takes a combina¬ 
tion of qualities to succeed in the free- 
for-all competitive struggle of modern 
society. Vigorous health, energy, ambi¬ 
tion, perseverance and intelligence are 
all involved. There is not a little indi¬ 
cation that these traits tend to be found 
associated in the same individuals, but 
the intensity of the association is as yet 
far from clear. Terman’s mentally su¬ 
perior children proved to be superior 
also in conscientiousness, perseverance, 
leadership, sense of humor, physical de¬ 
velopment, energy and general health. 
Thorndike says “ Intrinsically good 
traits have also good correlatives. * ,5 
Various studies reveal a greater fre¬ 
quency of physical defects among the 
mentally retarded than among the nor¬ 
mal. The study of the association of 
traits is a promising field of further 
research. 

The only trait upon which a large 
amount of evidence is available is intel¬ 
ligence. This is measured by mental 
tests and by progress through the edu¬ 
cational machine. These two measures 
are highly correlated. They are also 
found to be useful practical measures 
and to correlate highly with actual suc¬ 
cess in the competitive struggle. They 
correlate highly with any scheme of so¬ 
cial levels. However, in spite of twenty 
years 9 intensive investigation during 
which tests and testing technique have 
been greatly improved and during 
which the general picture of social 
stratification revealed by the earlier 
tests has remained’substantially unal¬ 
tered, there are still many who doubt 
the value of these measures as measures 

5 ** Educational Psychology,'' III, 408. 
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of innate ability. To them we may ob¬ 
serve that innate intelligence can not in 
any case be measured directly. It can 
only be measured by what it does. If 
we allow for a certain roughness in ap¬ 
proximation, we seem bound to say that 
children who do well the things an intel¬ 
ligent person in our society is expected 
to do may reasonably be supposed to 
have more intelligence than those of the 
same race and community who bungle 
the same tasks. It must be admitted 
that mental tests are not a thoroughly 
satisfactory measure of inherent abil¬ 
ity; their results are too much affected 
by education and training for that. We 
freely admit their weaknesses, while 
claiming they are the best measures we 
yet have. In a later section we revert 
to the extent to which the IQ level may 
be supposed ordinarily to be raised by 
average educational advantages. 

If, then, for the sake of the argument 
at this point we take intelligence tests 
and scholastic records as roughly indica¬ 
tive of ranking in terms of innate intel¬ 
ligence, we note the correlation of social 
level with IQ level has been so fully 
demonstrated by repeated research that 
it needs no detailed proof here. Mental 
scales of occupational ratings are in ex¬ 
tensive use both in research and in prac¬ 
tical vocational placement bureaus. 

We may now advance the thesis one 
more step by noting that marriage oc¬ 
curs for the most part among persons 
of the same social level. In general 
people marry within their own status 
group, according to such measures as 
cultural and educational attainments, 
occupational similarity and residential 
propinquity. These are indirect and 
very unprecise indices of biological sim¬ 
ilarity. When the extent of assortative 
mating is measured more directly, there 
are found to be sensible correlations be¬ 
tween husband and wife for stature, 
certain other bodily traits, complexion 
traits, longevity, general health, parental 


fertility, insanity, tubercular infection, 
criminality, alcoholism, congenital deaf¬ 
ness, feeblemindedness and mental defi¬ 
ciency, intelligence and various tem¬ 
peramental and character traits. This 
is, on its face, an imposing list, though 
obviously much mixed as indices of ge¬ 
netic similarity. 

The highest consistent correlation is 
found for intelligence, that being twice 
as high as for physical traits (stature, 
fore arm, span, hair color, eye color, 
longevity and general health) which run 
from 20 to 30 per cent. On the whole, 
the conclusion seems warranted that 
there is a measurable tendency toward 
the mating of persons of similar mental 
level. It seems probable that this ten¬ 
dency is more marked on the lower and 
on the higher social levels than through 
the middle registers. Lidbetter has 
shown it to be very marked among the 
social problem group of London, and 
this harmonizes with the indications of 
numerous family history studies of 
‘ 4 ne'er do weels” in this country. For 
the business and professional classes 
equally convincing evidence is lacking, 
and the tendency may well be less pro¬ 
nounced. However, it is on the higher 
levels that mental qualities seem to play 
the larger role in mate selection, for 
along with them go similarities of taste 
and enjoyments, sympathy and mutual 
understanding. As Holmes says: “Me¬ 
diocrity tends to mate with mediocrity 
and superior types tend to select their 
mates among the superior.” 0 

Thus far we have argued that the so¬ 
cial organization of the past century has 
favored the upward mobility of the more 
able and energetic individuals, thus 
bringing about a tendency toward bio¬ 
logical stratification of the population; 
and that the phenomenon of assortative 
mating further tends to fix and main¬ 
tain this stratification. Moreover, it is 

• S. J. Holmes, “The Trend of the Bace,“ 
p. 231. Harcourt, Brace and Company, 1921. 
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self-development where the dull can only 
vegetate. 

Professor Jennings and others have 
Very correctly called attention to the 
fact that every trait is the result of the 
co-action of both heredity and environ¬ 
ment; and they have cited instances, 
especially on the subhuman levels, of 
quite different traits developing from 
the same genetic basis under the in¬ 
fluence of different environments. This 
has given rise to a wide-spread belief In 
s nore or Ins indefinite organic plastic¬ 
ity. This view, that the organism is 
molded by its environment, has been 
especially welcomed by educators, social 
workers, a certain group of anthropolo¬ 
gists and most sociologists. : K 
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training, but relatively few reveal musi¬ 
cal talent. And what is true of musical 
ability is true of a long list of capabili- ’ 
ties, ranging, from the handling of 
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muscular coordinations required in the 
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be produced by education we should now 
have millions of them. 

This is not to say that good environ¬ 
ment is not necessary; it is an obvious 
necessity. At the same time, when one 
sets himself the task of accounting for 
such differences as occur among the 
children growing up in an average 
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get that their environments ordinarily 
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eral improvement of educational facili¬ 
ties. 

That mental levels tend to be inherited 
is supported by the general superiority 
of children of superior parents and the 
general inferiority of those of inferior 
parents. Not long since Professor Ray¬ 
mond Pearl 7 made a very curious attack 
on the Galtonian theory that superiors 
tend to breed superiors by attempting to 
show that 588 of the world’s greatest 
philosophers, poets and scientists had 
sprung indifferently and according to 
the laws of chance iroufi all levels of the 
population. Their fathers were said to 
be “an average lot of human beings.” 
When, however, these fathers were 
graded according to the Barr scale of 
mental rank of occupations, they were 
found to rank above 93 per cent, of a 
random sample of the American popula¬ 
tion. 8 About 70 per ceut. of the fathers 
belonged to the two upper classes in 
Taussig’s hierarchy of occupations and 
none to the lowest. Pearl’s cases were, 
in fact, strictly comparable to those of 
Galton, Ellis, Cattell and others, and 
also to Terman’s group of gifted chil¬ 
dren. The product at the opposite end 
of the scale is too well known to need 
citation. 

In view of the recent researches on 
heredity and environment in relation to 
twin and orphan differences, we can 
carry the argument to a somewhat more 
precise conclusion. These make jiossible 
a preliminary estimate of the influence 
of different heredities in determining 
mental level when environmental condi¬ 
tions are similar, and of the influence of 
different environments when heredity is 
similar. This evidence can not be ade¬ 
quately summarized here. 9 The follow- 

? “The Biological Basis' of Superiority , 1 * 
American Mercury, 12: 257-266, 1927. 

» D. G, Paterson and E. G. Williamson, 
“Raymond Pearl and the Doctrine that ‘Like 
Produces Like/ 99 American Naturalist , 63; 
265-t273, 1929, 

#For a most excellent summary, see 
Gladys Sehwesinger, “Heredity and Environ¬ 
ment, * * The Macmillan Company, 1933. 


ing array of conclusions, each of which 
seems supported by adequate evidence, 
suggests that the IQ level is, by and 
large, little affected by such environ¬ 
mental differences as commonly occur in 
American communities. The mental 
resemblance between random pairs of 
unrelated children of a community is 
around zero; that between sibling pairs 
is around 50 per cent.; that between 
fraternal twins is about 60 per cent.; 
that between identical twins is much 
larger, ranging from 80 to 90 per cent.; 
for the siblings and twins the mental re¬ 
semblance is somewhat higher than that 
for physical traits, measured by height, 
weight, respiration and pulse rates, but 
is nevertheless of much the same nu¬ 
merical order; there are slight changes, 
if any, in the degree of mental resem¬ 
blance between twins as they grow 
older, though their continuance in the 
same schools and homes ought to make 
older twins more alike than younger; 
there is almost the same degree of re¬ 
semblance between twin pairs in those 
traits believed to be little influenced by 
training and those believed to be much 
influenced thereby. Research to date 
indicates that the IQ differences between 
identical twins reared together average 
roughly about 5 points, or about the 
same difference as that between two 
closely consecutive measurements of the 
same individual. Ten pairs of identical 
twins reared apart were found by New¬ 
man and others to differ, on the average, 
by about 8 points of IQ, while non- 
identical twins reared together are 
found to differ, on the average, by about 
10 IQ points and siblings reared apart 
appear to differ little more than those 
reared together. In all cases the range 
of variation is, of course, much greater 
than tile foregoing average differences. 
Moreover, different schools of opinion 
put different interpretations on all such 
data. On the whole, the mass of the 
evidence seems to me to support the 
view that heredity is an important fac- 
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tor, if not the most important factor, in 
accounting for the differences in mental 
level among persons living under some¬ 
what similar cultural conditions. 

We may conclude this very inade¬ 
quate summary of the evidence relating 
to mental level by expressing agreement 
with the finding of Barbara Burks that 
“the total effect of environmental fac¬ 
tors on standard deviation up and down 
the scale is only six points.'* That is, 
about two thirds of the variations in IQ 
level due to such differences in home, 
education and other social influences 
commonly found in American communi¬ 
ties do not exceed six points. In ex¬ 
treme cases such influences may account 
for as much as 20 or even 27 points. 
Heredity, on the other hand, obviously 
accounts for more than 300 points of 
variation. T 

The evidence thus pointing to an in¬ 
creasing biological stratification of the 
population is extensive. Our thesis is 
not designed in any way to validate the 
iniquities and imbecilities of the present 
social order. Nor is it a criticism of 
education, social work and other hu¬ 
manitarian activities. These rest se¬ 
curely on grounds of social necessity 
and benefit. Only those who pray for a 
dictatorship of the proletariat, presum¬ 
ably under their own benign guidance, 
need take exception. Its practical im¬ 
plication is the desirability of giving 
some attention to the respective fertili¬ 
ties of different social levels in a society 
that strives to maintain an open road 


for talent and at the same time suspends 
the operation of natural selection among 
the less capable. The biological re¬ 
sources of the population are not inex¬ 
haustible. 

No doubt there are still considerable 
amounts of uncultivated talent in our 
midst. At the same time, I am inclined 
to think that the rapid progress of the 
last century is due in part to the suc¬ 
cessful exploitation of an unusual pro¬ 
portion of the latent abilities of the 
population. Talent has been found, 
stimulated to high endeavor and induced 
to work at high pressure under the shib¬ 
boleths of achievement and efficiency. 
Then we have proceeded to sterilize an 
increasing percentage of the ablest and 
placed others of them under social con¬ 
ditions where their offspring have been 
too few to replace themselves. There has 
been a constant necessity of replenishing 
the deficit of the upper levels by masses 
of recruits from below. Galton ad¬ 
vanced the opinion that the Inquisition 
was a factor in prolonging medievalism 
in Spain; and many have seen in the 
slaughter of the Russian intelligentsia 
and the recent expatriation of German 
scholars serious blows to the higher cul¬ 
tural activities of those countries. Far 
greater, in the long run, is the loss to 
this country because of the thousands 
who every year fail to be born among 
those, who by every mark of hereditary 
fitness and social superiority, are quali¬ 
fied to produce the natural aristocracy 
of the future. 
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Early in the morning of April 18, 
1906, one of the greatest fires in the his¬ 
tory of the world broke out in San 
Francisco. It burned lN|||e than four 
days before it was broughr under con¬ 
trol. Unusual features were associated 
with it—streets were fissured, buckled, 
bent into wavy surfaces, and, where 
built on made land along tidal estuaries, 
warped laterally several feet down 
stream. Water mains outside the city 
were collapsed and buildings far from 
the area swept by fire were cracked, 
broken and tumbled down. In short, 
even the most loyal San Franciscans 
were constrained to admit that the out¬ 
break of fire had been preceded by “a 
little shake / 9 as I heard one man eu¬ 
phemistically describe it. Hardly had 
the fire ended when news came of a 
great crack in the earth southwest of the 
city—at first a vague, almost incredible 
rumor, but soon definitely and in au¬ 
thentic form—a long, straight surface 
fissure, or narrow belt of fissures, run¬ 
ning southeastwardly for miles on end. 
Thus came dramatically to notice the 
surface trace of the San Andreas fault, 
broken anew in 1906. This fresh break 
at the surface was found to extend from 
the vicinity of San Juan Bautista in 
Monterey County northwestward for at 
least 180 miles, more likely for 300 miles 
or more, dying out probably under the 
sea—running past the Golden Gate 
under the ocean from Mussel Rock south 
of San Francisco to Bolin as Lagoon 
northwest of it. In the city it is still 
popular to call this event the “fire”— 
but the world knows that Central Cali¬ 
fornia then experienced an earthquake 
of major rank—though many greater 
shocks have occurred elsewhere. We 


know also that the immediate source of 
the destructive shaking was the San 
Andreas fault, along which for many 
scores of miles sidelong slipping of the 
adjacent crust blocks extended down¬ 
ward to depths measured in miles. The 
maximum horizontal offset was about 
twenty-one feet, near Point Reyes Sta¬ 
tion northwest of San Francisco. 

Study of this earthquake could not 
fail to suggest close relationships be¬ 
tween the many earthquakes on record 
in the annals of California and the 
numerous geologic faults of recent de¬ 
velopment which traverse and bound its 
mountains. Nevertheless, any attempt 
to fix the sources of particular shocks 
upon particular faults bristles with dif¬ 
ficulty, for the shocks chronicled com¬ 
monly were felt over extended areas and 
their descriptions usually lack adequate 
details. Also the faults are numerous 
and in many places closely spaced. Ef¬ 
forts to this end made it clear that in¬ 
tensive study of the occurrence of earth¬ 
quakes in this province, with the close 
location of shock sources and their rela¬ 
tion to the geologic structure, would 
yield results of importance at once to 
science and to public welfare. Such 
work in seismological research, con¬ 
ducted by this institution—in coopera¬ 
tion with numerous agencies, among 
which the California Institute of Tech¬ 
nology, the U. S. Geological Survey and 
the U. 8. Coast and Geodetic Survey are 
outstanding—is an outcome of the in¬ 
vestigations set in motion by the earth¬ 
quake of 1906. This is a small but im¬ 
portant benefit to balance against the 
disastrous consequences of this shock. 

The first problem confronted in this 
program of the intensive investigation of 
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COLLAPSE OP’ NORTHWEST CORNER OF SAN MARCOS BUILDING 

A BUSINESS AND OFFICE STRUCTURE IN SANTA BARBARA, CALIFORNIA: SHOCK OF JUNE 29, 1925. 
An EXAMPLE OF REINFORCED CONCRETE CONSTRUCTION OF INDIFFERENT QUALITY—BADLY DESIGNED 

TO RESIST EARTHQUAKE ACTION. 


local earthquakes in a restricted prov¬ 
ince, subject to frequent shaking, was 
the development of instruments and in¬ 
strumental assemblies suitable for such 
special purposes. Use could have been 
made of instruments already developed 
for the study of shocks of distant origin, 
but only under severe limitations. The 
need for registering in excellent fashion 
the large numbers of shocks too small to 
be sensibly perceptible was clear be¬ 
cause, since such earthquakes usually 
affect small areas only, their causal as¬ 
sociation with particular faults would 
be easier to fix without ambiguity; and, 
on account of their numbers, any 


marked tendency for them to cluster 
along particular faults or in special 
areas should prove significant. Conse¬ 
quently, sensitive instruments are re¬ 
quired which magnify rapid vibration 
greatly. 

For mechanical registration very large 
masses would be neeessary, which would 
introduce inertia and bending moments, 
as well as friction, in very undesirable 
ways. Optical-photographic recording, 
which permits the use of instruments of 
small dimensions and mass, became 
clearly indicated. The torsion seis¬ 
mometer provided an early and satis¬ 
factory solution for recording the 
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horizontal components of vibratory 
earth-motion. The vertical component 
proved less easy to deal with. It was 
finally found desirable to develop an 
instrument with galvanometrie-optieal 
recording to register this component of 
the earth motion. Once developed, a 
similar instrument, having the same 
characteristics and constants, is found 
practicable for registering the hori¬ 
zontal components. For very thorough 
study of the earth motion instruments 
of still different characteristics have 
been found useful and important be¬ 
cause of the different emphasis placed 
by their written records upon different 
aspects of the earth motion. Auxiliary 
apparatus of this nature has yielded 
very interesting and important infor¬ 
mation. 

The speeds of propagation of seismic 
waves are high. With local earthquakes, 
for which the distances between the ori¬ 
gins and the recording stations are com¬ 


paratively small, relatively large errors 
are introduced unless the determina¬ 
tions of time—the times of arrival of 
wave-phases, for example—are very ac¬ 
curate. When such phases are regis¬ 
tered sharply it is desirable to deter¬ 
mine their times to a tenth of a second 
or better. This is difficult to accomplish. 
It requires very uniform rotation of the 
recording drums at a rate somewhat 
faster than that commonly in use in the 
past. For economic reasons, since the 
recording must be continuous day in and 
day out, a very fast rate is impracti¬ 
cable. After much development a sys¬ 
tem has been worked out which is 
reasonably satisfactory, with further 
improvement easily possible. The re¬ 
cording drums are rotated by synchro¬ 
nous motors driven by alternating cur¬ 
rent whose frequency is controlled 
carefully and kept within very narrow 
limits, by aid of a vibrating reed or 
tuning fork. With this system at best 



DAMAGE TO MISSION SANTA BARBARA, CALIFORNIA. 
Shook of Junk 29, 1925. (Cambea tilted slightly out of vertical.) 
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RUINS OF OLD ADOBE CHURCH, 

WITH MODERN BRICK VENEER AND ERA ME-SUPPORTED BELFRY, SANTA BARBARA, CALIFORNIA: 

SHOCK OF June 29, 1925. 



we attain the desired accuracy of one 
tenth of a second, or in rare instances 
better than this; commonly time deter¬ 
minations are good to two tenths of a 
second; occasionally they are not better 
than one fourth of a second; very rarely 
are they worse than this. Thus when 
the earth motion produces sharply regis¬ 
tered phases, earthquake origins can be 
located with high accuracy in favorable 
cases, and very closely in ordinary cases 
—taking the records of three or more 
stations into account. 

Our stations, equipped uniformly ex¬ 
cept for additional and auxiliary equip¬ 
ment at the chief station—the Seis- 
moiogical Laboratory—are located at 
Pasadena, Mount Wilson (at nearly one 
mile higher elevation), Riverside, La 
Jolla, Santa Barbara, Haiwee and Tine- 


maha. For a more completely satisfac¬ 
tory control of the area chosen for study 
—the region within 500 kilometers, 300 
miles of Pasadena—additional stations 
will be necessary (Fig. 1, p. 337). 

The comparison, or correlation, of the 
time kept by different clocks at the dif¬ 
ferent stations is effected in an ingen¬ 
ious way. At each station there is regis¬ 
tered on one recording drum the minute- 
to-minute time-marks made by the con¬ 
tact-making station clock, written closely 
parallel with the dot-and-dash signals 
received from a powerful broadcasting 
station which is in operation throughout 
the greater part of the day. Thus, at 
most times, the clock marks at all sta¬ 
tions can be compared directly with the 
code signals. In this way the clocks are 
referred to a common relative standard, 
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since the time errors in registering the rapid, but still we know only a little 
code signal are negligible when com- about earthquakes, 
pared to one tenth of a second. We can not pause here to consider the 

Although the earth’s surface, and its changing status of earthquake knowl- 
body, must have been shaken at frequent edge from ancient times onward, giving 
intervals ever since it had a solid crust— credit to the very few who mingled 
the development of seismologic science sound notions with the confused thought 
is of very recent date. Adequate under- of ancient and medieval days. In the 
standing of earthquakes had to wait middle of the nineteenth century Mallet 
until there was knowledge of wave-mo- and Hopkins cleared the ground and 
tion in elastic materials and knowledge laid foundations upon which Milne and 
of geologic mechanics and structure, his colleagues, Ewing, Gray and Knott, 
Earlier views were fanciful or incom- began to build in the early eighties while 
plete. In recent years progress has been they were stationed in Japan. Consider- 



THE ARLINGTON HOTEL, SANTA. BARBARA, CALIFORNIA, 

Damaged m the shock of June 29, 1925. (Camera tilted slightly out of vertical.) 
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able progress had been made by them 
and by their Japanese followers, when, 
in 1900, Oldham published a classic 
studj r based upon collected seismograms 
of the great earthquake which occurred 
soutfl of the Brahmaputra River in 
Assam in 1897, and other shocks. In 
this paper for the first time it was rec¬ 
ognized explicitly and, indeed, fairly 
demonstrated, that the first two chief 
phases of the seismogram, which we now 
denominate P and S, were probably 
waves of longitudinal and transversal 
vibration, respectively, propagated along 
similar paths with different speeds so as 
to arrive at different distances from the 
origin at intervals characteristic of these 
distances. The uniform speed of the 
third conspicuous wave group, now 
known to be surface waves, was also 
recognized. This was a great itep for¬ 
ward. Glimmerings of these facts and 
their relationships had, indeed, been 
glimpsed before, but without clear rec¬ 
ognition or any adequate supporting 
evidence. For the first time the “elon¬ 
gation” of the seismogram and its 
complication took on important mean¬ 
ing. Oldham’s discovery was followed 
quickly, and practically independently, 
by the fundamental work on seismo¬ 
graphs and seismograms byEmil Wiech- 
ert and Karl Zoeppritz and others work¬ 
ing at Gottingen. 

Practically without exception the rec¬ 
ords of earthquakes are complicated, 
both those of distant and those of local 
origin. After motion begins to be regis¬ 
tered, zigzag or sinuous motion of rela¬ 
tively small amplitude, but with many 
variations in amplitude and period, is 
registered for a time, followed, usually 
somewhat abruptly, by similar com¬ 
plicated motion of larger amplitude, 
which in turn gives way to a third 
group of waves of complicated nature 
of still larger amplitude. Neglecting 
refinements, these are the well-known 
principal phases, denoted by the let¬ 
ters, P, S and L—the first, or longi¬ 


tudinal waves, the second, or trans¬ 
versal waves, and the long waves, which 
travel along the surface. 

The “elongation” of the seismogram 
and its complications—what does this 
mean ? In his epoch-making study Old¬ 
ham was concerned with the records of 
a very gjreat earthquake, together with 
those of sundry other very strong 
shocks, records written at stations at 
great distances from the places of origin 
of the disturbances. At such great dis¬ 
tances earthquakes which, near their 
sources, are perceptible to the senses 
for a few, or several seconds, or some¬ 
times for a minute or two, more or less, 
write seismographic records which con¬ 
tinue registering for minutes and min¬ 
utes on end up to durations of three or 
four hours or even more. As stated 
already, such records are very compli¬ 
cated, with many sudden or gradual 
changes in the amplitude and period of 
the recorded motion. More than this, 
very small shocks, barely perceptible for 
a brief instant or not perceptible at 
all—even near their origins, also write 
records of complicated nature which 
continue to be registered for many 
seconds, and even for several minutes 
in some cases. What is the meaning of 
this ? 

Obviously the recognition by Oldham 
of the three main groups of waves, P, 
S and L, propagated from the source 
with different speeds, affords an expla¬ 
nation, at least in part, for the “elonga¬ 
tion” and complication of the written 
record. It w T as natural at first to at¬ 
tribute the further observed complexity 
of the record to enduring action at the 
source, with continued causation of 
vibratory disturbance, This was sug¬ 
gested by and appeared to find sup¬ 
port from the continued perceptibility 
of motion near the epicenter. Indeed, 
in part this must be true. But it is not 
all the truth. 

For example, a record written at 
Pasadena, of a shock produced by a 
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—Photo courtesy Portland Cement Association 
ALEXANDER HAMILTON JUNIOR HIGH SCHOOL, 

Long Beach, California. Showing damage to the exit arcade or corridor: 
shock of March 10, 1933. 


large commercial blasting operation at 
Victorville, California,'distant nearly 60 
miles from the recording station, is 
spread out over an interval of more 
than 30 seconds and exhibits at least 
eleven conspicuous changes in recorded 
motion which arrived at later and later 
times, with perhaps still other phases 
less certainly recognizable (Fig. 2). 
Now the disturbance which wrote this 


record was practically instantaneous in 
nature—the simultaneous detonation by 
electrical means of a group of explosive 
charges buried in a body of crystalline 
limestone immersed in granite of pre- 
Tertiary (probably pre^Cambrian) age. 
At the quarry no motion was percep¬ 
tible to the senses for more than a small 
fraction of one seebnd. Here, then, we 
have a definitely demonstrated “elonga* 
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tion” and complication of the recorded 
motion not due to continued perceptible 
action at the source. In whatever way 
the successive phases are explained in 
detail, it is certain that they represent 
portions of the vibratory energy propa¬ 
gated with different apparent speeds 
(probably also with different actual 
speeds)—and since only four essentially 
different kinds of elastic waves are rec¬ 
ognized (two through the body of the 
earth and two over the surface) it be¬ 
comes practically sure that different 
subterranean paths are involved in the 
transmission of the numerous phases 
registered. 

Thus, the complication of the seismo¬ 
gram almost surely is due in part to the 
partition of the disturbance, which may 
be practically instantaneous at its ori¬ 
gin, and the distribution of its motion 
in transit over many paths along which 



—Photo courte*y of Mr, Donuil Mill* 
NORTHWERT-ftOtTTlIEABT CRACK 

IN GROUND NEAR COMPTON, CALIFORNIA, SHOW¬ 
ING OUTWASH OF SAND WITH INCIPIENT DEVEL¬ 
OPMENT OF * * CRATERLETS * *: SHOCK OF MARCH 

10, 1933. 


the motion is propagated with different 
speeds, so that different parts of the 
original motion, leaving the origin at 
the same time, arrive at the recording 
station at different times. In part, this 
is known positively to be a fact, from 
records like that of the blast. 

Hardly less certain is the case with 
“identical” natural earthquakes (Fig. 
3). In the recording both of distant 
and of local earthquakes, many cases 
have now been found in which records 
of two or more earthquakes from prac¬ 
tically the same source (probably no 
two sources are ever strictly the same) 
are essentially identical, with all or 
nearly all the peculiarities reproduced 
so faithfully that the records practically 
can be superposed—except that the am¬ 
plitudes are different in different cases. 
With such records it does not appear 
reasonable to attribute the elongation 
and complication of the seismogram to 
continued causation of identical nature. 
Rather, these effects should be attributed 
to simple causation with a complication 
of paths and speeds—conditions which 
would remain essentially the same in 
such identical cases. 

Thus it happens that the simplest ex¬ 
planation for these facts—which is con¬ 
sistent also with all that is now known, 
and expected—is a separation of the 
body and of the rocky crust of the earth 
into parts, or shells, of different mate¬ 
rial, differing in density and elastic 
properties, so that vibratory disturbance 
is propagated with different speeds in 
each. In detail, of course, the boun¬ 
daries between the outermost of these 
shells must be somewhat irregular, occa¬ 
sionally very much so in particular 
areas. In the large, however, the mate¬ 
rial may be considered to be arranged 
in concentric shells. 

The first inkling we had of such a con¬ 
dition came, on the grand scale, from the 
study of distant earthquakes. To be 
brief, it was early hypothesized that the 
earth is made up of a rocky crust, an in- 
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termediate shell or mantle, and a central 
core. This was the work of Wiechert 
and Zoeppritz, following quickly after 
Oldham ’s epoch-making discovery, A 
little later it was amplified and refined 
by # Geiger and Gutenberg. The nature 
of the intermediate shell and of the core 
has been the subject of much debate, 
and, indeed, there is still difference of 
opinion in the interpretation of data 
bearing upon this. Also other earth 
shells have been hypothesized. Some of 
these have been rejected, while others 
are still under consideration. 

When, therefore, in a study of the col¬ 
lected seismograms of a strong earth¬ 
quake which occurred in the Kulpa Val¬ 
ley in Croatia, Jugoslavia, on October 
8, 1909, A. Mohorovieic encountered a 
definitely twofold aspect of the begin¬ 
ning of the motion as recorded at sta¬ 
tions within a limited range of distance 
from the epicenter, it was natural for 
him to seek in explanation a horizontal 
division of the superficial rocky crust 
into two parts—an upper one (in which 
the earthquake originated and in which 
the motion was propagated with a cer¬ 
tain speed) and a lower one (in which 
the speed of propagation was greater). 
Thus it could happen that motion pass¬ 
ing down into the lower medium could 
there proceed outward and upward 
again into the upper layer and so reach 
the recording station in advance of the 
motion propagated directly in the upper 
layer with slower speed. However, the 
motion first to arrive, having been re¬ 
fracted twice, first upon entering the 
lower layer and again upon reentering 
the upper layer, would reach the station 
with less energy and be recorded with 
smaller amplitude, as, the record here 
reproduced shows (Fig. 4). 

This discovery by Mohorovifiic was 
the next great forward step. Out of it 
has grown a better understanding, both 
of the seismogram and of the structure 
of the earth’s crust. The principle 
recognized by Mohorovrififi, arid extended 



- Photo courtesy Mr. //. M. Entile 

CONCRETE COLUMN 

ln Marti’ s Stork, Long Beach, California, 
FRACTURED IN THE SHOCK OF MARCH 10, 1933. 

by Jeffreys, also has been applied with 
suitable modifications to work in geo¬ 
physical prospecting by seismic methods. 

As is often the case with such dis¬ 
coveries—in detail the first explanation 
required simplification to adapt it to use. 
From the first it was clear to Mohoro- 
vitfic that, in each layer, the speed of 
propagation should increase slowly with 
depth, with a sudden increase upon pass¬ 
ing the boundary into the next deeper 
layer. In his discussion and formulas 
he endeavored to take account of this 
slow increase in speed, as well as the 
sudden increase. This involved recourse 
to the integral calculus and solution of 
an integral equation, yielding formulas 
of elegant form which, however, were 
somewhat difficult to use in application 
to practical cases and, in practise, un¬ 
necessarily precise^ 
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It remained for the clear insight of 
Harold Jeffreys to recognize that seis- 
mologic data were not yet exact enough 
to require so rigorous a treatment. He 
showed that very simple geometric and 
trigonometric solutions were quite ade¬ 
quate to deal with the data in practically 
all cases. His simplification has proved 
an equally important forward step. 
Numerous succeeding studies have prac¬ 
tically demonstrated that the rocky 
crust is divided into layers or shells, and 
that the number of such layers and their 
thicknesses are not everywhere the same. 
In certain regions there have been recog¬ 
nized (apart from the uppermost irregu¬ 
lar sedimentary bodies) an upper 4 4 gra¬ 
nitic ” or “acid” layer, an interme¬ 
diate “basaltic” or 44 basic” layer, and 
a lower “peridotitic” or 44 ultra-basic” 
layer. In these the speeds of longitu¬ 
dinal waves have been found to be ap¬ 
proximately 5.5 km per sec, 6.3 km per 
sec and 7.8 km per sec, respectively— 
and of transversal waves 3.3 km per sec, 
3.7 km per sec and 4.3 plus km per sec. 
In some areas the so-called 44 granitic” 
layer is absent, and there is little doubt 
that further complexity will be found as 
knowledge grows. 


For example, it already appears that 
in Southern California the crustal struc¬ 
ture is more complex, and it is probable 
that this is the case elsewhere also. In 
this connection it must be understood 
that here we approach the present fron¬ 
tier of knowledge in this field. There¬ 
fore, conclusions stated at this point 
may require modification when more is 
known. With this reservation—as a re¬ 
sult of thorough critical analysis of the 
seismograms of a group of twenty-one 
of the local earthquakes in Southern 
California which had been most cer¬ 
tainly located and adequately registered 
prior to the summer of 1931, Dr. Guten¬ 
berg has found a probable division of 
the rocky crust in this region (apart 
from irregular, superficial, sedimentary 
basins, sheets and lenses) into four 
layers and a substratum with speeds for 
the longitudinal waves of 5.55, 6.05, 
6.83, 7.6 and 7.94 km per sec, respec¬ 
tively; with corresponding values for 
the transversal waves of 3.23, 3.39, 3.66, 
4.24, 4.45 km per sec, respectively. The 
approximate thicknesses of these layers 
14 12 4 9 

are 0-14, 14-26, 26-30, 30-39, and 
greater than 39 kilometers. These find- 



—Pfwto oourteuy of Portland Cement Aseoeiation 
THE JEFFERSON JUNIOR HIGH SCHOOL 
Long Beach, California; a portion of the building was in a state of total collapse* lif 

the shock of March 10, 1933, 
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Photo courtesy of Portland Cement. Association 


CENTRAL SCHOOL, HUNTINGTON BEACH, CALIFORNIA. 

Badly cracked walls, ornamental pillars destroyed, debris at entrance: shock of 

March 10, 1933. 


ings will be the subject of repeated tests 
as time goes forward. 

Theoretically, an elastic wave, upon 
encountering the boundary between two 
media of different elastic moduli and 
different densities, undergoes a trans¬ 
formation into four elastic waves with 
division or partition of the original 
energy—two waves reflected at the 
boundary, one vibrating longitudinally 
and one transversally; and two waves 
refracted through the boundary, again 
one a longitudinal and one a transversal 
wave. However, under certain condi¬ 
tions some of these vanish, either com¬ 
pletely or practically. In spite of this 
it is obvious that if'either the earth as 
a whole or its superficial rocky crust is 
divided into two or three or more shells 
or layers of significantly different na¬ 
ture, reflected and refracted waves 
must arise, some or all of which will be 
propagated to the recording stations and 
there registered. The number of phases 


thus recorded, and the amplitudes and 
periods of the motion, will vary with the 
distance of the stations from the origin 
and other conditions. In this way the 
seismogram is still further complicated 
and in many instances made more diffi¬ 
cult to interpret. Thus the earth, and 
its crust, may be thought of as some¬ 
thing resembling in a crude way a com¬ 
plicated prism or set of prisms or lenses, 
reflecting, refracting, diffracting and 
dispersing the undulatory energy which 
spreads outward from the earthquake 
origin. 

Further obstacles stand in the way of 
straightforward and rapid progress be¬ 
cause the region of the shock origin may 
be, and probably frequently is, multiple 
in nature or of extended dimensions— 
thus, in detail, giving rise to different 
sets of waves independent, in a minute 
way, in time and place of causation. As 
a result of all this, the interpretation 
and measuremeilt of the seismogram— 
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—Courtety of IJ. 8. Geological Survey 
ROAD BROKEN BY FAULT MOVEMENT 
near Point Re.es Station: shock or April 38, 1908. 


simple and straightforward in theory— 
at times becomes very complex and 
sometimes well-nigh insoluble, with the 
appearance of wave-arrivals, or phases, 
for which no explanation can be found 
readily or surely. Fortunately, such ex¬ 
treme complexity is not common enough 
to halt progress or retard it greatly. 

Recognition of definite direct, re¬ 
fracted, reflected and diffracted wave- 
arrivals (usually differing in amplitude 
and period)—marking phases of the 
seismogram—later and later, and more 
and more widely separated in time, the 
farther the recording station is from the 
origin, has made possible the construc¬ 
tion of tables and curves or curve-fami¬ 
lies, showing the times of arrival at 
different distances or the transmission- 
times, transit-times or travel-times of 
these various waves, from which useful 
and often very accurate estimates of the 
distance of the shock-origin from the sta¬ 
tion can be derived. 

For distant shocks the first significant 
diagram of this kind was that published 
by Oldham (Fig. 5), followed soon after 
by Milne and a little later by the far 


more extended and accurate curves and 
tables of Wiechert and Zoeppritz, which 
form the basis of all later work. Impor¬ 
tant contributions to the improvement 
and refinement of such tables and curves 
have been made by many workers, 
prominent among whom are Mohoro- 
vicic, Turner, Macelwane, Byerly, Hodg¬ 
son, Wadati and especially Gutenberg 
(Fig. 6) and Jeffreys. 

A very late curve-diagram of trans- 
mission-time for local shocks is that re¬ 
sulting from Gutenberg’s study of 
shocks in Southern California (Fig. 7). 
It will be clear from mere inspection of 
this that experience and care is required 
in the practical utilization of such a 
diagram in determining the distance of 
origin of a shock from a given station. 
As experience grows, this curve-diagram 
almost surely will be modified. Whether 
it will be simplified or grow more com¬ 
plex—but more certain—we can not 
foresee. 

From the first, one of the chief ob¬ 
jects in our research program has been 
determination of the geographic loca¬ 
tion of the epicenters of as many as 








EARTHQUAKES IN CALIFORNIA 


335 


possible of the small earthquakes which 
occur in the region within 300 miles of 
Pasadena, approximately, and study of 
the relationships which appear between 
these and the geologic faults, structures 
and activity in the same region. 

Under very favorable circumstances 
the epicenters can be located within one 
or two kilometers; and in a large per¬ 
centage of cases within 5 to 10 kilo¬ 
meters—but in practically every case 
the location is an approximation, since 
the slightly curved, or broken, path fol¬ 
lowed by the vibratory motion in pass¬ 
ing from the region of origin to the 
recording station can be estimated only 
approximately, not precisely known. 
For this reason also, except for possible 
rare cases of unusually favorable na¬ 
ture, until stations are far more numer¬ 
ous and closely spaced, the depth of the 
region of origin will be uncertain "within 
limits which may well be different in 
different cases. Such uncertainty as to 
depth also affects, sometimes more, some¬ 
times less, the accuracy of the location 
of the epicenter. 

One way of placing the epicenter is 
that known as the S-P method—in which 
the time-interval between the arrival of 
the transversal or S-waves and the longi¬ 


tudinal or P-waves is measured and the 
distance from the origin to the record¬ 
ing station is approximated by multi¬ 
plying the time-interval by a number 
determined empirically by experience" 
or calculated from theory. The ratio¬ 
nale of this method is simple—the P- 
waves and the 8-waves in passing from 
the origin to the stations traverse sim¬ 
ilar paths at different speeds so that 
their times of arrival will differ by an 
amount corresponding to—mathemati¬ 
cally expressed, a function of—the dis¬ 
tance. Given three or more origin-dis¬ 
tances determined in this way, circular 
arcs drawn on a map, using the stations 
as centers and the origin-distances as 
radii, will intersect in a small area in or 
near which the epicenter must lie. This 
affords an approximation only, since the 
paths traversed by the P and 8 waves 
may not be quite identical (although 
they can not differ by any very signifi¬ 
cant amount) and especially, since it 
often is difficult to determine the time 
of onset of the S-waves wdth as high pre¬ 
cision as in the case of the P-waves. 

A better procedure (which, funda¬ 
mentally, is the same method) yields the 
approximate epicentral distance of the 
station by the careful comparison of the 



—Photo oourteey Portland Cement Amociation 
BUCKLING OF CONCRETE PAVEMENT 

our Atlantic Strjbrt, running north and south, north of Signal Hill, north of Long 
Bkach, California: shock of March 10, 1033! 
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■ Photo courtesy Portland Cement Asaocration 
BUILDING AT LONG BEACH, CALIFOBNIA, 
occupied by Continental Baking Company, which collapsed in the shock or 

March 10, 1933. 

phases shown on the seismogram with the same origin-time should be indicated 
tables, or curves, of transmission-times at all stations, as read directly from the 
for several or many phases. In this way curves. 

the estimate is not based upon the single When the data will permit, a still 
time-interval, S-P. Circular arcs are more accurate method consists in the 
drawn as in the case just discussed, determination of the arrival-times of 
With this method, within small limits, definitely identified phases at three or 
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TOTAL COLLAPSE OF BUILDING AT COMPTON, CALIFORNIA: 

Angeles Abbey Mausoleum, virtually undamaged, in background; note street light with 
GLOBES INTACT, BUT WITH ONE TOP BROKEN! SHOCK OF MARCH 10, 1933. 











1TO. 1. LOCATION OF STATIONS IN 
SOUTHERN CALIFORNIA 
This hap also shows the course or the 
San Andreas fault, with thb segments on 

WHICH SURFACE FRACTURE OCCURRED IN 1906 , 
AND IN 1857 , EMPHASISED ON HEAVY SOLID LINES. 


more stations. The difference between 
tbetimesof arrival of the tarns pkat* 
at two station^ multiplied by the speed 
of propagation of the motion of the 
phase in question, gives the difference 
in distance from the origin of the two 
stations involved. Knowledge of this 
difference in distance permits the draw- 
ing on a map of a hyperbola or hyper¬ 
bolic arc, which is the locus of all points 
more distant from one station than from 
the other by the amount thus determined 
(according to the phases used, this hy¬ 
perbola will be the surface-trace of a 
hyperboloid of revolution or of a hyper- 
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aumes that the origin-time is the same 
at all stations used. This affords a check 
upon the accuracy of the determination. 

Once the epicenter has been found ap¬ 
proximately, the accuracy of its location 
can be improved—when the arrival- 
times of the P-phase (or of some other 
surely identified phase) are known very 
precisely—by successive approximations, 
in which the distances are calculated and 
the point chosen successively adjusted 
until a position is found for the epi¬ 
center which gives the same origin-time 
at all the stations used within the lim¬ 
its of error of time- and distance-deter¬ 
mination which inhere in the observa¬ 
tions and the methods of calculation. 
In the present state of knowledge this 
is the best that can be done. 

Results of this, as they have been ob¬ 
tained, have been shown on maps ex¬ 
hibited here in the Institution Building 
for several years past and again this 
year. Thus far, it appears to be demon¬ 
strated by the clustering of earthquake 
origins along their courses that several 
of the geologic fault zones are active 
sources of shocks at the present time. 
Some, like the local segment of the San 
Andreas fault, known indubitably to be 
active sources, ‘have been almost quiet 
during the last few years. Also many 
well-determined places of origin are not 



FIG. 4. LOCAL EARTHQUAKE RECORD 
Showing twofold aspect of the beginning. 
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FIG. 5. OLDHAM '8 ORIGINAL TRANS¬ 
MISSION-TIME CURVES 
Published in 1900. 

associated with any faults known or 
suspected at the surface. To account 
for such relations we have several hy¬ 
potheses in mind, which will require 
much further testing before safe conclu¬ 
sions can be drawn. 

An interesting and important outcome 
of our work is the development of a 
scale of magnitudes for earthquakes. 
This achievement is new. Such a scale 
differs fundamentally from a scale of 
earthquake intensity. A measure of the 
intensity of an earthquake is, more or 
less approximately, a measure of the 
strength or destructiveness or energy 
of an earthquake at a particular place. 
Consequently, the intensity of an earth¬ 
quake varies from place to place .over 
the area affected. Of course, the maxi¬ 
mum intensity in the central region to 
some extent is directly related to the 
greatness of the shock, but the local 
value of the intensity in every case 
varies from place to place. The magni¬ 
tude, on the other hand, is a measure of 
the size of the shock as a whole. 

As closely as is practicable all our 
short-period torsion seismometers are 
constructed alike. Except as manufac¬ 
turing difficulties introduce small dif- 
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ferences, they all have the same dimen¬ 
sions, periods, damping, magnification 
and so on. Each of onr stations has 
two of these instruments in operation. 
Theoretically, a given shock will have 
the same effect upon all these, in gen¬ 
eral, except for those differences in en¬ 
ergy and amplitude, directly due to dif¬ 
ferent distances of the stations from the 
origin of shaking, which arise from the 
spreading of the energy and its absorp¬ 
tion. In practise—speaking very ex¬ 
actly—the instruments do differ some¬ 
what in behavior because it is impos¬ 
sible to make them all very precisely 
alike, and, further, the natural ground 
or rock at the various stations is not the 
same. 

In some places the seismic motion 
consistently is registered with larger am- 



FIG. 6. TRANSMISSION-TIME CURVES 
AFTER GUTENBERG 



FIG. 7. TRANSMISSION-TIME CURVES 
FOR LOCAL EARTHQUAKES IN SOUTH¬ 
ERN CALIFORNIA 


due perhaps to instrumental differences 
but more probably to differences in 
foundation ground. In spite of these 
factors, which render high precision im¬ 
possible, it is found that comparison of 
the amplitudes registered at well-deter¬ 
mined epicentral distances, with the am¬ 
plitudes, at the same distances, of a 
“standard” shock, which have been 
worked out by successive approxima¬ 
tions from sufficient data, yields a value 
for shock magnitude which comes out 
the same at all places, within limits of 
error Tyhich are reasonable, even though 
rather large. 

In actual experience the range of am¬ 
plitudes is so great that the scale 
adopted is a logarithmic one in which 
only the characteristic term of the loga¬ 
rithm need be considered. Taking the 
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small standard shock as the unit, with 
characteristic logarithm 0 (10°) 16 de¬ 
grees of magnitude corresponding to ac¬ 
tually observed shocks have been dis¬ 
tinguished and recognized already, tak¬ 
ing whole numbers and half-numbers 
from 0 to 7.5, inclusive. Almost surely 
the greatest earthquakes are of mag¬ 
nitudes still higher than this. The 
scale is a scale of registered amplitude 
(with essentially identical equipment) 
in which the defining amplitude for a 
shock of a given magnitude is 10 times 
that for the next lower whole number 
of the scale and 1/10 that for the next 
higher whole number. Since the energy 
of the shock varies with the square of 
the amplitude it follows that the energy 
of a shock of magnitude 7.5 is 10 15 times 
that of the unit standard shock of mag¬ 
nitude 0. The standard shock has been 
chosen so that it would have a regis¬ 
tered amplitude with our torsion seis- 
mometric equipment of one micron at 
the epicentral distance of 100 kilometers 
with correspondingly greater and less 
amplitudes at less and greater distances. 

On this scale of magnitudes the Long 
Beach shock of March 10, 1933, works 
out to be 6, and that of the shock of 
December 20, 1932, in Nevada, to be 7.5. 
At this late date the magnitude of the 
1906 shock in Central California can 
only be estimated approximately, but, 
by comparison with the Nevada shock, it 
must have been 7.5 at least and probably 
higher. On this somewhat uncertain 
basis the energy of the 1906 shock must 
have been at least 1,000 times that of 
the Long Beach shock, and almost surely 
more. As experience with this scale is 
extended, it may prove possible to arrive 
at a more positive comparison between 
these earthquakes, but that given here 
is probably of the right order. 

Within the past five years it has been 
shown definitely that some earthquakes 
originate at depths below the earth’s 


surface as great as 400, 500, 600 and 
more kilometers, in round numbers. A 
majority of earthquakes, however—a 
very great majority, if small local 
shocks are included—originate at small 
depths, less than 20 kilometers in large 
part. We do not yet know the cause 
of deep-focus earthquakes nor whether 
shocks originate freely at all depths 
down to the maximum. 

Recognition of deep-focus shocks was 
first clearly voiced by Oldham, but the 
data at his disposal were not adequate 
to establish his view convincingly, and 
he himself pointed out that no adequate 
mechanism for causing them was known, 
though he presented suggestions for con¬ 
sideration. Consequently, though his 
hypothesis was by no means lost sight of 
among geologists, it did not find any 
wide acceptance among instrumental 
seismologists, notwithstanding some sup¬ 
port given it in a study published by 
Pilgrim shortly before the Great War, 
for the seismographic criteria had not 
then been clearly recognized. Events 
have proved Oldham right in his gen¬ 
eral view, but he reached corollary con¬ 
clusions which do not seem to find con¬ 
vincing support. 

After the death of Milne, Turner, 
upon taking up the work of the assembly 
and digest of earthquake reports which 
is published in the International Seismo- 
logical Summary, began to find peculi¬ 
arities in the times of arrival of phases 
on the seismograms in certain cases 
which, if they were correctly interpreted 
and measured by the reporters , would 
point to origins at great depth for the 
shocks in question. However, he also 
found other cases in which the data re¬ 
ported to him would point to “high 
focus,” some of these apparently indi¬ 
cating origins above the surface of the 
earth. This latter absurdity, together 
with general knowledge among working 
seismologists that phases frequently 
were wrongly interpreted by some of the 
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less experienced workers, kept this view 
of Turner's from making headway 
among seismologists generally, since it 
was known that he did not have direct 
access to the actual seismograms, but 
necessarily was restricted to the inter¬ 
pretations and measurements made and 
reported by others. Other early di¬ 
vergent views of his, based upon these 
station reports, later brought into ac¬ 
cord with general knowledge, plainly 
rested upon imperfect data. So, while 
it is now known that Turner was right 
in many instances of deep-focus shocks, 
in many others he was led to wrong con¬ 
clusions by inaccurate information. His 
view did not prevail at first, nor until 
later work brought support of it. 

Thus it was left for Wadati, in a 
paper published in 1928, to establish the 
fact of the occurrence of deep-focus 
earthquakes, by methods and data satis¬ 
factory alike—after verification—to in¬ 
strumental seismologists and to students 
of earthquakes who follow older, field 
methods. Subsequently, Scrase and 
others have confirmed the occurrence of 
such shocks and extended our knowledge 
of their seismographic phases and trans- 
mission-times. Among other things 
such shocks are characterized chiefly by 
the registration of early reflected phases, 
thrown back from the surface of the 
earth—and the virtual absence of large 
surface waves, a criterion pointed out 
by Lamb on theoretical grounds much 
earlier. 

It happens that our own vertical- 
component instruments and some of our 
special auxiliary apparatus are unusu¬ 
ally well suited for registering these 
shocks recognizably, and since the es¬ 
tablishment of their reality and the dis¬ 
covery of the criteria which distinguish 
them, we have found that their occur¬ 
rence is by no means a rarity, though 
they are fewer in number than normal 
shocks. In this connection it is interest¬ 
ing that Zoeppritz more than 20 years 


ago recognized a difference between the 
records of these and of normal distant 
shocks but did not hit upon the explana¬ 
tion. The records of such shocks were 
long considered to be the incomplete 
registration of very distant earthquakes. 
Thus far the origins of these shocks ap¬ 
pear to have been limited narrowly to 
the Asiatic coastal region and nearby 
mainland, with a few located in West¬ 
ern South America, and fewer still in 
Central Asia. 

Although in our research program em¬ 
phasis is laid primarily upon investiga¬ 
tion of the local earthquakes which 
originate in the Southern California 
province, at the Seismological Labora¬ 
tory in Pasadena we operate some rou¬ 
tine instruments and some auxiliary 
apparatus especially adapted for the 
registration of distant shocks. We thus 
contribute our share to the data neces¬ 
sary for progress in this part of the 
field. Also we are engaged in a system¬ 
atic detailed study of the records of 
three major distant earthquakes bor¬ 
rowed from a great number of the sta¬ 
tions which make up the world-wide net¬ 
work. The experience gained from such 
studies is essential for the investigation 
of such larger shocks as may originate in 
or near our own province. 

An interesting and important field has 
been opened up by promising experi¬ 
ments which have been made with 
explosives and field seismographic equip¬ 
ment like that used in seismic prospect¬ 
ing—with a view to determining, by the 
registration of reflected and refracted 
waves, the depth and attitude of strata 
or rock bodies within the superficial 
crust competent to produce such reflec¬ 
tions and refractions. For the upper¬ 
most part of the crust excellent results 
have been obtained, but as yet only un¬ 
certain findings have resulted, for the 
most part, from the lower part. 

As stated in the beginning, our work 
in a sense is a sequel of investigations 
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stimulated by the occurrence of the 1906 
shock in Central California. 

One important outcome of the detailed 
study of that shock was the great em¬ 
phasis which it laid upon the fact—pre¬ 
viously recognized on many occasions— 
that, other things being equal, the de¬ 
structiveness of an earthquake within 
the area near to the origin is related in 
a very intimate way to the nature of the 
ground at the surface—great apparent 
intensity or violence (as measured by 
destructive effect) being manifested 
upon “made” ground and loose natural 
alluvium, especially when thoroughly 
charged with water , with comparatively 
slight apparent intensity upon firm 
rocky ground at the same or comparable 
distances from the source of shaking. 
Intermediate effects were exhibited on 
ground of intermediate quality. 

Experience in later shocks has pbun- 
dantly confirmed this finding—in an es¬ 
pecially striking way in the recent Long 
Beach earthquake for which the area 
outstandingly marked by damage in un¬ 
suitably designed structures corresponds 
almost exactly with that portion of the 
deeply alluviated Los Angeles plain 
where ground water reaches nearly or 
quite to the surface. However, it may 
be noted in passing that structures suit¬ 
ably designed and well built withstood 
the shaking well even on such ground, 
since the shaking only attained minor 
destructive power on this occasion. 

Though the relation was less striking, 
similar findings prevailed in the cases of 
the Santa Monica earthquake of August 
30, 1930, the Whittier shock of July 8, 
1929, and the Santa Barbara shock of 
June 29, 1925—as well as others more 
remote. The outstanding association of 
greater apparent violence with loose wet 
ground has led many, including some 
trained geologists who are not specialists 
in earthquake study, to seek the origins 
of shaking in places aside from those 
indicated by instrumental findings. It 


may be well, therefore, to emphasize the 
fact that in two instances we have ex¬ 
ceptionally well-determined positions for 
the shock origins, in both of which the 
field data tend to be misleading to stu¬ 
dents of small experience, or persons 
who do not examine all the facts criti¬ 
cally. 

In both the Santa Monica shock of Au¬ 
gust 30, 1930, and the Long Beach shock 
of March 10, 1933, the place of origin 
happened to be situated almost exactly 
equidistant from two of our stations, a 
fact which severely limited its geo¬ 
graphic position. In both cases the data 
of all the stations indicated epicentral 
areas of very small dimensions consis¬ 
tent with these conditions of equidis¬ 
tance. It seems probable that we know 
the positions of the origins of these 
shocks within one or two kilometers. If 
the uncertainty is larger than this, it is 
still very small. 

Notwithstanding this, in both these 
cases, and in others also—foundation 
ground and quality of building aside 
for the moment—the greatest apparent 
intensity was manifested not imme¬ 
diately at the epicenter but a little 
distance away from it. This observa¬ 
tion, together with other circumstances, 
leads to the tentative conclusion that 
destructiveness and the apparent inten¬ 
sity based upon it are closely associ¬ 
ated with waves at the surface, pos¬ 
sibly elastic waves, possibly quasi-gravi- 
tational waves, possibly both in turn, 
and that these, as indeed theory sug¬ 
gests, do not have their genesis or their 
maximum development at the epicenter 
but at a little distance away from it, 
either symmetrically around it or other¬ 
wise, according to the specific nature 
and action of the causative mechanism. 
The distribution of effects also some¬ 
times suggests analogies to an interfer¬ 
ence pattern due possibly to different 
constructive and destructive combina¬ 
tion of waves at different places. Proof 
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of this suggestion is exceedingly diffi¬ 
cult. 

There remains for further brief con¬ 
sideration the Long Beach earthquake of 
Maroh 10, 1933. It is, of course, a fact 
that this shock caused by far the great¬ 
est loss of life, the most numerous in¬ 
juries to persons and the largest finan¬ 
cial loss and destruction of property ever 
occasioned by earthquake in Southern 
California. Notwithstanding this, the 
Long Beach shock was by no means the 
greatest earthquake, in point of magni¬ 
tude, nor the strongest one, in point of 
intensity, which has visited the same im¬ 
mediate district during the time, less 
than two centuries, since white men 
came to occupy it. Both in magnitude 
and in intensity the shock was compar¬ 
able with that which laid Santa Barbara 
low in 1925—perhaps a little greater, 
perhaps a little less. Nevertheless, it 
was, probably, the most considerable 
shock to occur in the same immediate 
neighborhood in nearly eighty years. 
This long interval of relative seismic im¬ 
munity, combined with a gentle climate 
(no hurricanes, no tornadoes of any 
magnitude, hardly ever hard gales, rare 
floods, no heavy snows), a wide plain of 
loose, deep, water-soaked alluvium and 
low hills of uncemented sediments and a 
phenomenally rapid influx of popula¬ 
tion in the last two decades, resulted in 
numerous considerable towns, villages 
and cities—assemblages of houses, shops, 
industrial plants and other works of con¬ 
struction ill-designed and badly built to 
withstand any severe or unusual stresses. 
This was true especially of business 
buildings and unfortunately of schools, 
churches and other public and semi¬ 
public places of assembly. Conse¬ 
quently, when fairly hard shaking came 
again the result fell short of a great dis¬ 
aster only by good fortune—a good for¬ 
tune which has now been repeated 
several times in California in connection 
with nearly all the greater shocks which 
have occurred there. 


By every criterion known, the shock 
of March 10, 1933, fell short of being a 
great earthquake—duration, intensity of 
shaking, size of the area in which dam¬ 
age occurred, size of the area of percep¬ 
tibility and the distance to which it was 
well recorded by seismographs. It was, 
however, a moderately large, fairly 
strong local shock. Its characteristic 
maximum intensity was VIII of the 1931 
Modified Mercalli scale, VIII plus to IX 
of the Rossi-Forel scale so long in use. 
There were a few small scattered places 
where intensity IX of the 1931 scale 
may have prevailed. The damage, in¬ 
jury and loss of life were due in over¬ 
whelming measure to bad or wretched 
building, or to bad or wretched natural 
or artificial foundation ground, and to 
both in combination. 

Nevertheless, we must go back to 1857 
or 1855, and perhaps to 1812, for a 
shock of comparable strength affecting 
the same area. 

The shock of 1857, originating in 
slipping along the south central to 
southern segment of the San Andreas 
fault (Fig. 1) for a distance of 200 
miles or more, was a great earthquake. 
Probably it somewhat exceeded in mag¬ 
nitude the 1906 shock in Central Cali¬ 
fornia, but its intensity in the Los An¬ 
geles plain may not have risen so high 
as that in March, 1933. 

The shock of 1855 was strong in the 
same immediate region. “Almost every 
structure in Los Angeles was damaged, 
and some of the walls were left with 
large cracks. Near San Gabriel . . . 
(an) adobe . . . was wrecked, notwith¬ 
standing that it had walls four feet thick 
with great beams of lumber . . 
Changed conditions make it impossible 
to compare this shock with that of 
March, 1933, more closely. 

There seems little doubt, however, 
that the shocks in the autumn of 1812 
were both greater and stronger than 
that of March 10, 1933; and the prob¬ 
ability is very strong that the shock of 
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July, 1769, was also stronger in the Los 
Angeles plain than the shock of the year 
1933. 

Within narrow limits the source of the 
March, 1933, shock was three and one- 
half miles off-shore southwest of New¬ 
port Beach in the course of the Ingle¬ 
wood fault zone projected southeast¬ 
ward. Since moderately hard shaking 
continued for 10 to 15 seconds, it is 
probable that the region of origin 
underwent some enlargement during the 
interval. But all investigations carried 
through thus far indicate that such de¬ 
velopment was not extensive. 

Aftershocks were very numerous, in¬ 
strumental registration being continu¬ 
ous for many hours with the more sen¬ 
sitive apparatus at Pasadena some fifty 
miles away from the source. The maxi¬ 
mum registered amplitudes of the larg¬ 
est aftershocks were less than 4 per cent, 
of the maximum registered amplitude 
of the chief shock on the strong-motion 
records at Pasadena. For many of the 
aftershocks, especially those which oc¬ 
curred soon after the main shocks, the 
places of origin were very close to that 
of the main shock. Others, however, 
especially later ones, were located at 
various distances away from the origi¬ 
nal source, up to 15 or 20 miles, both to 
the northwest and to the southeast. 
Our study of these is still in progress. 
Conclusions based on our present knowl¬ 
edge of these would be premature. 


While aftershocks usually fall off in 
number and size rather rapidly, de¬ 
pending somewhat on the size of the 
chief shock, it is, of course, difficult to 
determine when their course is com¬ 
pletely run until the lapse of time has 
been sufficient to develop the picture 
fully. 

Consequently, it is difficult to state 
with certainty whether the sharp shock 
of October 2, 1933, should be regarded 
as an aftershock or as an independent 
earthquake. In any case it was stronger 
than any of the sure aftershocks which 
followed the shock in March, but only a 
little stronger than the larger immedi¬ 
ate aftershocks. Its origin was located 
some 17 miles to the northwest of that 
on March 10—near the southeast end of 
Signal Hill, also in the zone of the 
Inglewood fault. 

It is otherwise with the smaller shock 
of October 24, 1933, which, nevertheless, 
was a sharp earthquake. This shock 
originated about one-half mile north of 
the village of Downey—very probably 
on that fault which was the source of 
the barely destructive Whittier earth¬ 
quake in July, 1929, at a point further 
west than the earlier shock. 

This brings the record up to date, as 
nearly as possible, and gives, I hope, a 
reasonably clear picture of the work we 
are doing and of its trends and purposes 
in the field of science and for human 
welfare. 



YOUR NOSE KNOWS 1 

By Dr. MARSTON T. BOGERT 

PROFESSOR OF ORGANIC CHEMISTRY, COLUMBIA UNIVERSITY 


No other sense is so marvelously acute 
as that of smell, so widely and exten¬ 
sively connected with other brain cen¬ 
ters, or so potent in awakening our 
memories and our emotions. 

The amount of an odorous substance 
necessary to produce the sensation of 
smell is incredibly minute. Camphor is 
said to be detected in a dilution of one 
part in four hundred thousand, musk 
one in eight million, and vanillin one in 
ten million. Valentin 2 found that one 
twenty-thousandth of a milligram of 
otto of rose was all that was required. 
Fischer and Penzoldt 8 determined that 
one 460-millionth of a milligram of the 
rotten egg odor of ethyl mercaptan was 
the approximate minimum amount 
which, coming into contact with the ol¬ 
factory nerves, could be immediately 
recognized by them, which is about 250 
times less than the minimum amount of 
sodium which can be detected by the 
spectroscope, according to the experi¬ 
ments of Kirchoff and Bunsen. 4 

The pleasant odor of the soil was 
ascribed by Berthelot, the distinguished 
French chemist, to traces of an uniden¬ 
tified camphoraceous body of so power¬ 
ful a fragrance that even a trillionth of 
a milligram gave a clearly perceptible 
aroma. 

It is also one of the senses particu¬ 
larly susceptible to 4 4 adaptation / 7 i.e a 
diminution or cessation of the sensation 
in spite of the continuance of the stimu¬ 
lus, a phenomenon probably akin to 
fatigue. Both individuals and odors 
show widely divergent behavior in this 

i An address presented at the meeting of the 
American Chemical Society, St. Petersburg, 
Florida, on March 27, 1934. 

*Lehrb. &. Physiol , II, 2, 279, 1848. 

* Ann., 239, 131, 1887. 

* Pogg . Ann., 110, 168. 


respect. Some odors quickly fatigue or 
benumb the sense of smell in nearly all 
persons; whereas, with other smells, 
only a few individuals will gradually 
lose their ability to detect them while 
remaining in the same atmosphere. 
This is the great danger of hydrogen 
sulfide, for it quickly paralyzes the sense 
of smell and the victim may not be 
aware that he is being poisoned until he 
suddenly falls to the floor unconscious. 

Some people may be indifferent to 
music, but those unaffected by odors are 
rare indeed. A breath of perfume 
brings instantly before our vision past 
scenes with all their pain or pleasure. 
From certain odors we recoil instinc¬ 
tively, not because they are intrinsically 
unpleasant, but because of the associa¬ 
tions they recall; while others, perhaps 
unattractive to our fellows, possess a 
peculiar fascination for us. The recog¬ 
nition of a perfume is instantaneous, as 
is the picture it conjures up. 

Goethe visited Schiller one day and, 
not finding him at home, waited in his 
study, where he sat down to a table and 
began to write a few notes. Gradually 
he felt increasingly sick and faint. 
Frau Schiller inquired the cause of this 
sudden illness, and the poet said he 
thought that it was due to a peculiar 
odor in the room. Whereupon she 
opened a drawer full of decayed apples 
and took them away. Afterwards she 
explained that for some mysterious 
reason the odor of rotten apples stimu¬ 
lated Schiller and he couldn't do his best 
work without it. So that what caused 
a profound constitutional disturbance 
with Goethe was a beneficial stimulant 
to Schiller. 

Oliver Wendell Holmes wrote that 
“ memories, imagination, old sentiments 
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and associations are more readily 
reached through the sense of smell than 
by almost any other channel,’’ an 
opinion in which Kipling concurs when 
he says “Smells are surer than sights or 
sounds to make the heartstrings crack.” 

Holmes also has written: 

Perhaps the herb everlasting, the fragrant 
immortelle of our autumn holds, has the most 
suggestive odor to me of all those that set me 
dreaming. I can hardly describe the strange 
(thoughts and emotions that come to me as I in¬ 
hale the aroma of the pale dry Tustling flowers. 
A something it has of sepulchral spicory, as if 
it had been brought from the cave of some 
great pyramid, where it had lain on the breast 
of a mummifled Pharaoh. Something too of 
immortality in the sad, faint sweetness linger¬ 
ing so long in its lifeless petals. Yet this does 
not tell why it fills my eyes with tears and car¬ 
ries me in blissful thought to the banks of 
asphodel, that border the river of life. 

Or, to quote Bret Harte: 

But the smell of that subtle, sad perfume, 
As the spiced embalmings, they say, outlast 
The mummy laid in his rocky tomb, 

Awakens my buried past. 

And I think of the passion that shook my 
youth, 

Of itB aimless loves and its idle pains, 

And am thankful now for the certain truth 
That only the sweet remains. 

The literature of all civilized coun¬ 
tries is replete with similar illustrations. 

The allure and fascination of per¬ 
fumes have been more potent factors in 
the rise and fall of empires than most of 
us realize. Anthony sacrificed his em¬ 
pire and his life to the seductive aro¬ 
matic Cleopatra. The Medicis were 
famous for their perfumes and infamous 
for the way in which they used them to 
mask the deadly poisons with which they 
eliminated their enemies. One of the 
carefully guarded secrets of the British 
royal family is said to be the formula of 
a specially prepared perfume with which 
Buckingham Palace is sprayed for the 
Court presentations attended by distin¬ 
guished men and women from all parts 
of the world. This perfume is believed 


to be entirely original and suggests a 
tropical flower garden. It has been used 
since the time of Queen Victoria’s first 
Court, and its composition is said to be 
known only to the King and Queen, in 
addition to the manufacturers them¬ 
selves. 

That the English Parliament of 160 
years ago must have been seriously con¬ 
cerned about the use of perfumes seems 
to be indicated by the law which they 
enacted during the reign of George III, 
in 1774, the same year in which Priest¬ 
ley discovered oxygen and that the First 
Continental Congress assembled in 
Philadelphia. This law stated that: 

All women, of whatever age, Tank, profession 
or degree, whether virgins, maids or widows, 
that shall from and after this act impose upon, 
seduce and betray into matrimony any of His 
Majestysubjects by the use of scents, paints, 
cosmetics, washes, artificial teeth, false hair, 
Spanish wool (impregnated with carmine and 
used to this day as a rouge), iron stays, hoops, 
high-heeled shoes or bolstered hips, shall incur 
the penalty of the law now in force against 
witchcraft and like misdemeanors, and that the 
marriage, upon conviction, Bhall stand null and 
void. 

How much we depend upon the nose 
to distinguish between healthy and dis¬ 
eased individuals, between sanitary and 
unsanitary conditions! How frequently 
it warns us against pollution of air, food 
or drink, against pestilence, hazards and 
dangers of all kinds! And yet we repay 
this debt to the sense of smell with quite 
general indifference and scorn. When 
the nose is powerless to help, as in the 
case of such deadly gases as carbon 
monoxide, our life is in immediate 
jeopardy, as witness the recent asphyx¬ 
iation of nine students in a Dartmouth 
fraternity house. There is a real danger 
that, through long-continued disuse and 
neglect, we may some day lose our sense 
of smell entirely. 

Plumbers to-day still use occasionally 
the time-honored method of locating 
leaks in the plumbing by introducing oil 
of peppermint and then sniffing along 
the pipes. 
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The chlorophenols have such powerful 
and distinctive odors, of rank carbolic 
type, that they have been employed suc¬ 
cessfully to trace stream pollution. Pro¬ 
fessor Holleman of Amsterdam, when he 
was working upon such products several 
years ago, told me that he happened to 
be shopping one day in a busy part of 
the city, when he was suddenly startled 
by the recognition of this familiar 
chlorophenol odor, and looking up the 
street to windward, saw, many blocks 
away, his assistant coming toward him, 
who proved to be the undoubted source 
of the odor. 

The reason why the sense of smell in 
the case of animals was the first of the 
special senses to be extensively developed 
was probably because they, especially 
the quadrupeds, depend more upon 
scent than upon sight to warn them of 
impending danger. 

The fetid excretions of many insects 
and other animals, when not of sexual 
significance, are probably intended for 
defensive purposes and, so far at least 
as our friend the skunk is concerned, I 
think that we will all agree that the de¬ 
fense is an effective one. 

Man has occasionally made use of the 
odor sense of animals for his own pro¬ 
tection. An interesting case was cited 
not very long ago in which an intelligent 
plumber was called to locate the source 
of an evil smell in a London store. Ex¬ 
amination of the room failed to disclose 
the location of this smell and a study of 
the plans of the building failed to show 
any plumbing work in the room. Later, 
as the result of additional complaints 
that the foul odor was making many of 
the women employees so ill that they 
could not stay in the store, a further ex¬ 
amination of the room Was made with 
similar lack of suocess in locating its 
cause. The plumber then had a bright 
idea and went to a neighboring butcher 
shop, where he caught a bottle full of 
blow-flies, knowing that they are always 
attracted by such odors. These were 


released in the troublesome room to serve 
as detectives, and before long had all 
settled upon the same portion of the wall 
in one corner of the room. When this 
wall was opened, an old foul drain pipe 
was found which had been there for 
years and completely forgotten. 

In the case of many animal forms of 
life, their predilection for special odors 
has been used with considerable success 
to attract to their destruction not only 
mammalian pests, but insects as well. 
In this way the geranium perfume 
(geraniol) has been used as a lure for 
the dreaded Japanese beetle, which it 
will attract from distances of a mile or 
more, and when these beetles reach the 
source of the odor they find awaiting 
them a very tasty meal of poisoned 
molasses. Similarly, an odorous con¬ 
stituent of the cotton plant, trimethyl- 
amine, has been used to attract the boll 
weevil, the object of such efforts of 
course being to induce the insects to col¬ 
lect in vast numbers where they can be 
killed en masse. A letter recently re¬ 
ceived from an investigator in the 
University of Western Ontario may be 
of interest to a fruit-growing state like 
Florida. It runs partly as follows: 

I am endeavoring to determine what constit¬ 
uents of the quince, peach and apple are at- 
tractants for the Oriental fruit moth, and we 
are basing our work on the assumption that in¬ 
sects detect odors which are perceptible to man. 
... I find that Power and Chesnut, of the 
Phytochemical Laboratory at Washington, have 
done considerable work on the apple and peach, 
but have been unable to find reference to work 
of a similar nature on the quince. This latter 
fruit is much more odorous than either of the 
others and certainly more attractive to the 
Oriental fruit moth. 

Not long ago, I was visiting a farmer 
near South Bend, Indiana, who is, I am 
informed, the chief distiller of native 
essential oils in that part of our coun¬ 
try. In addition to peppermint and 
seven or eight other oils, he often distils 
some catnip, because he said there was 
considerable demand for this last oil 
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from residents of the mountainous dis¬ 
tricts of the West and Southwest, who 
use it on the meat with which they bait 
their traps for mountain lions. Appar¬ 
ently, therefore, this odor has a special 
appeal not alone to the domestic cat, but 
to other members of the feline tribe as 
well. 

Even the attitude of the hard-boiled 
business executive towards the use of 
perfumes in merchandising has changed 
strikingly during recent years, and has 
now given place to the slogan “Sell by 
Smell. * * 

The Daily News Record, of New York, 
recently had the following to say on this 
subject: 

The nose is a greater factor in business to¬ 
day than price, quality or quantity. 

The advertising man writes a great deal 
about the glories of hie merchandise, but the 
consumer gets going when he smells something 
he wants. 

His nose knows! 

The New York nostril has become tremen¬ 
dously sophisticated. The restaurants that say 
it with garlic are responsible to a great extent, 
it is claimed. 

Men marry perfumes rather than women to¬ 
day. They take out a license when they en¬ 
counter an extract they think they could endure 
at the breakfast table every morning for 40 
years. 

Shoes, leather and luggage, not to mention 
perfumes with & platinum price, sell largely 
because their aromatic qualities intoxicate. 

A deal is closed and the goods practically 
delivered when the customer's nostrils begin to 
twitch like a setter's. 

Olfactory orgies are not confined to women. 
The men sometimes keep it up until they have 
to be assisted to a taxi. 

Some men even fiddle around drug depart¬ 
ments in the hope that they will encounter an 
odor good for a misunderstood husband. 

The girls no longer care who pays the rent 
if they can find a husband to keep them in im¬ 
ported perfumes. 

People who object to paying about $60 a 
month to the landlord will pay that much for 
a bottle of perfume. 

The diner-out turns to the right when he 
walks into a miasma that overcomes his powers 
of resistance. 

The women manage to arrange a spree with¬ 
out a headache by going from one perfume 


counter to another, coaxing whiffs out of the 
various demonstrators largely responsible for 
the mixed odors of subway trains, department 
store elevators, etc. 

Just as men formerly went from one cafe to 
another testing the hospitality of favorite 
Fausts, the women saunter from one store to 
another mixing their extracts. 

The men are frequently slightly incoherent 
after applying their pet theories regarding the 
chemical properties of liquids and the women 
are usually a trifle irresponsible when they con¬ 
clude their afternoon inhalations. A woman 
to-day must learn to be careful how she mixes 
her perfumes. 

In the luggage departments the patron sniffs 
the grip of no regrets and if the odor is sooth¬ 
ing there is a readiness to buy that would not 
otherwise be noticeable. 

Russian leather, like Russian tea and vodka, 
acts immediately. The nasal organs whisper a 
message to the brain and the deal is closed 
while the customer is in a coma. 

There are people who would rather stand 
around luggage departments than linger in an 
old-fashioned rose garden. 

Parma violets are cabbage compared to the 
pungent qualities of a first-class luggage de¬ 
partment. 

The writer took note of several men buying 
new spring shoes a few days ago. Four out of 
five sniffed the leather before they even per¬ 
mitted a fitting. Mildly imbecile expressions 
scampered over their countenances when they 
encountered a favorite scent. 

Experienced shoe men contend that you can 
lead a man to a leather but you cannot make 
him like the odor. 

Shrewd business men are thus awak¬ 
ening to the powerful sales aid to be 
obtained from perfumes, and at last 
understand that an appeal to the nose is 
often far more potent than one to the 
eye. The actual value in cold cash of the 
despised sense of smell has been too 
often wholly overlooked or ignored by 
the high pressure salesman as well as by 
the head of his concern, neither of whom 
seems to have grasped the fact that 
scents may make dollars. 

The sales appeal of perfumes may be 
utilized either to draw favorable atten¬ 
tion to a normally odorless product, or 
to overcome a disagreeable smell. When 
a disagreeable odor can not be removed 
or destroyed, the only alternative is to. 
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mask it by perfumes. Many markets 
are closed to malodorous products which 
would be opened immediately upon the 
removal of that objectionable feature. 
The total value of sales annually lost 
through failure to recognize these facts 
runs into many millions of dollars. 

In the case of a product of established 
reputation and characteristic odor, it 
would probably be just as disastrous to 
change that odor as it would be to alter 
the form of the package or the trade- 
marked name. 

When a prospective customer picks up 
a cake of toilet soap or a package of cos¬ 
metic, her first impulse is to smell it. If 
the odor pleases, the other merits of the 
goods are likely to be inquired into, 
whereas if the goods are odorless or 
carry no special appeal, the examination 
usually goes no further. The first at¬ 
tempts to sell camels’ hair shawls manu¬ 
factured in Europe failed because these 
famous shawls as they were received 
from India exhaled a peculiar and char¬ 
acteristic odor which enabled even the 
inexpert to distinguish between the In¬ 
dian and the European product, until it 
was discovered that this odor was due 
largely to oil of patchouli, and when this 
deficiency was made good in the case of 
the European product, its market ex¬ 
panded immediately. 

The sale of a house may be decided by 
whether it smells old and musty or sweet 
and clean with the odors of new woods, 
fresh paints, fresh varnish and the like. 

In the opinion of the manufacturers, 
the judicious use of appropriate and 
delicate perfumes and the air of luxury 
thus created have often determined the 
sale of their high-priced automobiles 
quite as much as the persuasive elo¬ 
quence of the salesman. ' 

In certain theaters, perfumes have 
been and still are at times disseminated 
throughout the entire auditoria by in¬ 
troducing them into the ducts of the 
ventilating systems; but the proposal to 
change these odors during the course of 


the performance in such fashion as to 
depict the changing moods presented 
upon the stage is practically impossible, 
because of the difficulty of completely 
replacing one atmosphere by another 
with sufficient speed. A musty uphol¬ 
stery in the theaters not infrequently 
has deterred patrons from returning. 
The use of incense in religious services 
is not only good ritual but excellent 
psychology as well. 

Quite recently a very interesting up¬ 
holstery material has been developed 
and already enjoys a considerable sale. 
It is manufactured by taking pig hair 
and subjecting it to the action of a me¬ 
chanical “picker,” which separates and 
fluffs up the hair so that when sprayed 
with rubber latex every individual hair 
will be coated completely. By simul¬ 
taneously drying and curing, there re¬ 
sults an exceedingly light, tough and 
springy felted mass of rubberized hair 
which has found an immediate market. 
Since both pig hair and rubber latex 
have unpleasant odors, it is doubtful if 
a pound of this new and useful product 
could have been sold if the manufactur¬ 
ers had not had the good sense to cancel 
this bad odor by the judicious use of 
perfume. The incorporation of less than 
one tenth of one per cent, of perfume 
achieved tnis at a negligible cost. 

The clothy or faintly rancid smell of 
fabrics is generally to be ascribed to the 
oils and pastes essential to the weaving 
process or to give luster, smoothness or 
scroop to the finished goods (Turkey 
Red oil). This odor may be suggestive 
of castor oil and sulfur, and in the 
course of time tends to become more 
rancid. The use of suitable aromatics 
will readily and economically replace 
any initially unpleasant odor by a pleas¬ 
ant one and can also inhibit the develop¬ 
ment of rancidity. Perfumes especially 
designed for this purpose are now on the 
market. High-grade silk stockings are 
often faintly perfumed to increase their 
appeal to the prospective customer. 
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Scented cloth linings for bureau draw¬ 
ers, in place of sachets, are also avail¬ 
able. 

A field where there is still room for 
considerable improvement is that of the 
moth proofing and insect-proofing of 
fabrics of all kinds, such as furs, car¬ 
pets, etc. In the light of recent discov¬ 
eries, it should be possible to accomplish 
this without leaving the goods permeated 
with objectionable smells. Of course, in 
the case of furs this has been avoided 
by simple storage at low temperature. 
Certain dyes have been discovered which 
are claimed to be effective insect- 
repellants. The fabrics dyed with such 
chemicals are neither malodorous nor 
ever in danger of insect attack. 

It has proven a comparatively simple 
problem to incorporate in cleaning 
fluids chemicals which leave behind an 
agreeable aroma instead of the disagree¬ 
able odors hitherto so much in evidence 
When gloves, dresses and other clothing 
returned from the cleaners. Even per¬ 
fumed laundry starch is now on the 
market. 

The so-called Russia leather has al¬ 
ways had a special appeal for me and 
possibly for others, not because the 
leather itself is any better than other 
brands, but because of the agreeable 
scent imparted to it by the birch oil used 
in its preparation. Several manufac¬ 
turers of artificial leathers are scenting 
their products to make them smell like 
genuine leather at a cost of about $7.00 
per 10,000 yards. Shoe dealers have had 
their goods either returned or have lost 
customers because of strong-smelling 
leather. 

Linoleums, oilcloths and similar floor 
coverings are largely linseed oil prod¬ 
ucts, and the odor of that oil is unpleas¬ 
ant to most people. The manufacturers 
at first went to considerable expense to 
lacquer the surface of the linoleum, so as 
to seal up the offending smell. Now they 
find that a better and a much cheaper 


way is to use such aromatics in the proc¬ 
ess as will either completely eliminate 
the bad smell or replace it with a faint 
and agreeable one. 

The odor of printing inks is often 
fishy and rancid from the oils used in 
their manufacture, and this is especially 
objectionable when used on food pack¬ 
ages, for many foodstuffs absorb odors 
with great avidity and the appeal of a 
product entirely satisfactory in all other 
respects may thus be completely de¬ 
stroyed and the sale of the product seri¬ 
ously injured. Such difficulties are 
easily overcome by the perfume expert. 
A- Middle West meat packer has the 
Cellophane wrappers for his prize bacon 
packages printed with inks which them¬ 
selves possess a bacon aroma. Makers 
of chewing gum and of confections are 
also printing their wrappers with inks 
perfumed in such fashion as to reinforce 
the olfactory appeal of the goods. 

It has been suggested in connection 
with the matter of scented printing inks 
that a publisher might find it to his ad¬ 
vantage to have his publications recog¬ 
nized not only by their general appear¬ 
ance but also by their characteristic 
odor, so that his books on scouting and 
woodcraft, for example, might be given 
a piney or woodsy fragrance, his detec¬ 
tive stories the mysterious and piquant 
aromas associated with the high-class 
female criminals of such tales, and his 
love letters the heavy seductive narcotic 
perfumes of the languorous Orient. 

Some books, the rotogravure sections 
of many newspapers and a number of 
handsomely illustrated magazines have 
rank cheesy odors, due in part to the 
casein used in the coating mixture, 
which bad odors should be eliminated as 
far as possible, and the remaining traces 
neutralized by perfume, just as traces of 
yellowness are corrected by suitable 
blueing. 

The cost of imparting a pleasant odor 
to goods which are either odorless or 
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malodorous is usually very little and is 
more than repaid by the increased sales 
which result. According to the execu¬ 
tive manager of one of our leading per¬ 
fume houses, ten dollars ’ worth of per¬ 
fume will scent 35,000 pounds of paper 
and enable a magazine publisher to get 
out an issue which any reader will be 
glad to hold close to his nose instead of 
having to sit by an open window with 
the breeze blowing away from him. 

In some manufactures an odor specifi¬ 
cation for the raw materials would be 
immediately helpful. The kind of 
aroma to be imparted to a product 
should of course be appropriate, and 
need not always be of a floral character. 
Less than one cent’s worth of perfume 
will completely mask the disagreeable 
smell of a gallon of glue, whereas in the 
case of a high-grade perfumed toilet 
soap it may cost several cents per cake. 

In the matter of odor, manufacturers 
of household lacquers have markedly 
improved their products, and the pro¬ 
ducers of raincoats, wall finishes and 
other similar articles could profit greatly 
by their example. 

A well-known company makes lamp 
shades by a process in which gelatin is 
used. In damp weather molds tended to 
grow on this gelatin and form black 
spots. The addition of a small amount 
of carbolic acid during the process pre¬ 
vented the growth of these molds, but 
on the other hand left an unpleasant 
odor. The company is therefore using a 
perfumed material as a sterilizer so that 
the lamp shades possess a pleasing faint 
aroma. 

The determination of the particular 
perfume best suited to mask a given 
odor naturally requires skill and some 
experimentation. Certain fly sprays, 
composed of kerosene and pyrethrum 
powder, used to be scented with from 5 
to 6 per cent, of oil of wintergreen. 
Such sprays can now be scented just as 
satisfactorily with two tenths of one per 
cent, of a different aromatic.. 


The rapid recent increase in the popu¬ 
larity of some brands of cigarettes is 
ascribed to the impregnation of the to¬ 
bacco with small amounts of coumarin, 
whose odor may be likened to a combina¬ 
tion of vanilla and new-mown hay; just 
as saccharin is added to other types of 
tobacco, notably the so-called plug cuts, 
to impart added sweetness of taste. 

A certain Illinois department store, 
the majority of whose customers are 
women, encloses a perfumed ‘‘Thank 
you” with its receipted bills; and there 
is a subtle psychology about the practise 
of a Connecticut fire insurance com¬ 
pany which solicits business by means of 
a folder exhaling the wet, burnt wood 
smell characteristic of a house which has 
been ravaged by flames. 

Not long ago the Chicago Museum of 
Science and Industry wrote us that they 
had completed the installation of a 
model mine and wished to introduce into 
its ventilating system an odorous mate¬ 
rial which would impart to the mine air 
the damp, earthy smell characteristic of 
such shafts and tunnels. The problem 
was referred to a well-known perfume 
house, who have solved it, I understand, 
to the entire satisfaction of the museum 
authorities. Those of you, therefore, 
who have recently visited that museum 
in Chicago and have gone down this 
mine shaft, have breathed there this 
atmosphere without knowing that it was 
a synthetic one provided by the organic 
chemist. 

The Huddersfield Line in England 
have perfumed their buses in some cases 
with pine and in others with rose or with 
violet, because they believed these three 
odors to be the most popular and be- 
oause such treatment tended to eliminate 
the body odors which otherwise might be 
too much in evidence. 

That their judgment as to relative 
popularity of odors was approximately 
correct is supported by the results of a 
most interesting questionnaire sent out 
some time ago to a large number of 
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people by the Cramer-Krasselt Com¬ 
pany, an advertising corporation of 
Milwaukee, Wisconsin, asking their 
opinion on a list of 55 different smells. 
Through the courtesy of Mr. Aumueller, 
the manager of their direct service de¬ 
partment, the results have been made 
available. The questionnaire was ad¬ 
mirably simple and direct. All it asked 
in the case of each odor was that the 
voter should indicate whether he liked, 
disliked or was neutral (indifferent) to 
it. The odors preferred, in order of 
choice, taking only the first 10, were: 
(1) rose (85 per cent.), (2) pine (83), 
(3) lilac (83), (4) violet (77), (5) lily- 
of-the-valley (77), (6) coffee (76), (7) 
balsam (76), (8) cedar (73), (9) straw¬ 
berry (68), (10) wintergreen and apple 
(67). Those disliked, arranged simi¬ 
larly, were: (1) perspiration (97 per 
cent.), (2) garlic (92), (3) rubber 
(81), (4) lard (79), (5) kerosene (77), 
(6) olive oil (70), (7) fish (70), (8) 
onion (66), (9) turpentine (63), (10) 
gasoline (59). 

There will probably be quite general 
agreement as to the appropriateness of 
giving perspiration a high place in such 
a list, but there are many, especially in 
southern Europe, who certainly know 
their onions and who do not feel at all 
the same way about garlic, and the rub¬ 
ber manufacturers, handlers and dealers 
were inexpressibly shocked to learn that 
their product vied with perspiration and 
garlic in public dislike so far as its odor 
was concerned, for to them it had never 
seemed objectionable in the least. Not 
long thereafter, representatives of the 
rubber industry held a banquet in New 
York, at which boxes of red rubber bands 
of lilac fragrance were distributed, and 
rubber coasters with the odor of new- 
mown hay were used for the glasses, to 
show that the old familiar rubber smell 
could be very easily replaced by more 
agreeable ones. Less than one one- 
hundredth of a cent’s worth of perfume 


will perfume an entire box of rubber 
bands. 

The odors of towns and cities often 
constitute some of the most vivid recol¬ 
lections of a traveler. In my own case, 
for example, and I am equally certain 
concerning my wife, the most striking 
and lasting memory of Algiers is that 
of the smells of the Kasba or native part 
of the city. 

Of the many problems still to be 
solved in this field, I might mention one 
of some importance to the state of 
Florida. 

A correspondent writes as follows: 

An odor which I am particularly interested 
in overcoming is that contained in China wood 
or tung oil. This odor is reputed to be due to 
traces of valerianic acid. Methods have been 
patented for removing these odors by Bteam dis¬ 
tillation, etc. However, the odor is not removed 
permanently as, due to oxidation over periods 
of time, the acidB that supposedly cause this 
odor are split off from the glycerides and cause 
the evil odors. There then remains the addi¬ 
tion of perfumes or pleasant-smelling sub¬ 
stances to permanently mask these unpleasant 
odors. . . . The China wood oil is used on a 
household fabric and of course must contain no 
unpleasant odor. 

Stinks, of course, have their practical 
uses as well as perfumes. In many in¬ 
stances, as employed, for example, by 
insects and various animals, they serve 
as weapons of defense; or emanations 
which seem mephitic to others may have 
powerful sex appeal to the particular 
organisms concerned. 

In the closing days of the world war, 
we were using as a camouflage gas butyl 
mercaptan, which is the chief perfume 
component of the skunk’s bouquet. Its 
purpose was to deceive the enemy and to 
cause him either to retire or at least to 
don his gas mask and thus reduce his 
fighting efficiency, because he never 
knew when this stink was being used to 
mask some deadly gas. Our own troops, 
on the other hand, knowing that the 
skunk gas itself was harmless, could ad- 



YOUR NOSE KNOWS 


353 


vance through it with impunity and do 
their fighting without masks and with 
the assurance that before any killing gas 
was sent over with it they would be in¬ 
formed in ample time to protect them¬ 
selves. 

We have but to turn to nature to rec¬ 
ognize the dominant role of odors. What 
would our northern forests be without 
the resinous fragrance of their conifers, 
or the ocean without its clean salty in¬ 
vigorating tang? Or, consider the un¬ 
fortunate skunk, “one of the handsomest 
little animals you would want to see, but 
his good looks don’t do him any good. 
He is an outcast from decent society; 
nobody wants him around; most people 
would go to any lengths to avoid him. 
And when you do get anywhere near a 
skunk, smell becomes the most important 
thing in life. It is a factor powerful 
enough to make you climb trees. ’ ’ 

Why is it that the art of the per¬ 
fumer is not taken so seriously as that 
of the musician, the painter or the sculp¬ 
tor? We teach our young people to 
distinguish musical sounds and color 
effects, harmony in music and in pic¬ 
torial art, but the vast possibilities of 
artistic enjoyment provided in our 
wonderful olfactory endowment they 
are left to learn in the slow, unsatisfac¬ 
tory and casual school of practical ex¬ 
perience, with the result that even our 
language lacks specific descriptive ad¬ 
jectives by which variations in odor can 
be accurately characterized in the same 
way that we can describe differences in 
color and in shade. There are master¬ 
pieces in perfumery, as in other arts, but 
those qualified to understand and appre¬ 
ciate them are few indeed. One of these 
old masterpieces of the perfumers’ art is 
the famous Bau de Cologne. 

While on this subject of the perfum¬ 
er’s art, I might call your attention to 


an amusing article, entitled “100,000,000 
Guinea Pigs Can’t Be Wrong,” which 
appeared in the Oivaudanian for Octo¬ 
ber, 1933, part of which runs as follows: 

Recently Consumers Research, Inc., issued a 
bulletin on perfumes and cosmetics in general, 
and when discussing many well-known brands 
on the market selling for 50 cents, 75 cents and 
a dollar per unit, tried to show that the true 
value of these products was 8 cents, 5 cents and 
15 cents per unit. The interesting part is that 
the Consumers Research, Inc.'s analysis is cor¬ 
rect—in its way. 

One of these days we expect a pamphlet 
from Consumers Research, Inc., analyzing the 
value of the pictures hanging in the Metropoli¬ 
tan Museum of Art or in the Frick Galleries. 
There are many pictures there which were pur¬ 
chased for $5,000, $10,000, $50,000 or even 
$100,000 each. Consumers Research, Inc., will 
say: 

Value of frames, for instance.$15.72 


Value of canvas.-. 2.50 

Paint used . 7.20 

Total value .$25.42 


Although the above calculations may be cor¬ 
rect, I feel sure that the Metropolitan Museum 
would not at all feel that way about the prices 
it paid for its paintings. 

As Dr. Arthur Selwyn Brown re¬ 
marks : 

The domain of olfaction is full of mysteries 
that are worthy of investigation. The manner 
in which moisture causes the odors of the essen¬ 
tial oils in flowers and trees to escape into the 
air, and fascinate the insect world; the way in 
which a dog, a crow, a jackal or lion tracks its 
prey or finds a carcass; the manner in which 
bees, wasps and ants recognize members of 
their communities; the way a dog, purely by 
odor, determines whether a strange dog it meets 
is likely to be friend or enemy; the manner in 
which parasites find their hosts, or the reasons 
that butterflies and other insects have strong 
preferences foT particular flowers and perfumes 
afford wide fields for study. 

When this fascinating domain is more 
fully explored, we shall learn secrets of 
which we do not yet even dream. 
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A look at the sky on a clear dark 
night gives the impression that the stars 
are so numerous that it would be a hope¬ 
less task to try to count them. This idea 
is expressed in Genesis 15:5, where we 
read, “I will multiply thy seed as the 
stars of the heavens and as the sand 
which is upon the seashore,’’ and in 
Psalm 147: 4, which says, * 1 He telleth 
the number of the stars; he calleth them 
all by their names . 9 9 Have the stars been 
counted? If the question refers to the 
stars visible to the naked eye the answer 
is yes, indeed. For a small sum a set of 
maps—star charts—can be purchased 
which will show the position of each star. 
The number of such stars, about 6,000 in 
the whole sky, is astonishingly small, and 
not more than 2,500 of these can be seen 
at any one time and place. 

But if a telescope is used to reveal 
stars too faint to be seen with the naked 
eye the number of Stars which can be 
seen is greatly increased with each in¬ 
crease in the power of the telescope. No 
one has determined the number of stars 
which have actually been seen with pow¬ 
erful telescopes. An elaborate program, 
however, is now being carried out in pre¬ 
paring a catalogue which will record the 
positions of an immense number of stars. 

Soon after the great advantages of 
photography for mapping the sky were 
realized, an international conference of 
astronomers was called to meet in Paris 
in 1887 to discuss the possibility and ad¬ 
visability of charting the whole sky on a 
uniform scale by photography. Astrono¬ 
mers realized, as you soon will, that the 
project was far too large for any one 


observatory or country and that, if it 
was to be done at all, many must coop¬ 
erate. Cooperation was necessary, too, 
because from no one observatory is the 
whole sky visible. This conference was 
the beginning of international coopera¬ 
tion in astronomy and led eventually to 
the formation of the International As¬ 
tronomical Union, the present organiza¬ 
tion of the astronomers of the world. 

This conference was attended by 56 
astronomers, representing 19 different 
countries. After discussion they decided 
to prepare a catalogue giving the posi¬ 
tions of all stars as bright as the 11th 
magnitude. An 11th magnitude star is 
only one hundredth as bright as the 
faintest star visible to the naked eye. 
They also decided to prepare a set of 
charts showing still fainter stars. They 
agreed that the photographs should be 
made with telescopes especially designed 
and made for this purpose with lenses 
13 inches in diameter with a focal length 
of 11} feet. Such an instrument gives 
a good picture of a section of the sky two 
degrees square on an area of the plate 4} 
inches square. Since the moon is half a 
degree in diameter, the images of four 
full moons could be placed side by side 
on one plate. The charts are enlarge¬ 
ments made twice the size of the original 
plates, that is, they are about 10 inches 
square. Officially, the whole project is 
known by the French title Carte du Ciel, 
but in English it is known as the Astro- 
graphic Catalogue and the Astrographic 
Charts. We are concerned chiefly with 
the catalogue. 

After deciding upon this program 18 
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observatories scattered throughout the 
world volunteered each to take one of the 
18 approximately equal sections into 
which the work had been divided. 
France took four sections, Great Britain 
three, Australia and Italy two each, and 
Argentina, Brazil, Chile, Germany, Mex¬ 
ico, Russia and Spain one each. The 
United States was represented at the 
conference by three astronomers, but did 
not volunteer and has not participated 
in the work. Some observatories have 
been unable to fulfil their promises and 
some changes have been made in the 
original assignments. Five languages 
are used in the catalogue, English, 
French, German, Italian and Spanish. 
As we now know, they were exceedingly 
optimistic in supposing that all the work 
would be completed in from five to ten 
years. 

To get a photograph of a section of the 
sky the plate is placed at the focus of the 
lens of the telescope, and the telescope is 
then a camera. The lens must be one de¬ 
signed for photographic use. The larger 
the lens and the shorter the focus, the 
more quickly will any given star impress 
its image upon the plate. When the 
focal length is small, a large area of the 
sky will be shown on the plate and of 
course the scale will be small. In photo¬ 
graphing the sky we have a choice—we 
can use telescopes which will record the 
whole sky on a few small-scale pictures 
showing large areas with little detail, or 
on many photographs showing smaller 
areas in greater detail, just as we can 
have a single map showing the whole of 
the United States or we can have maps 
of the same size showing single states or 
counties. The larger the scale of the 
plate the more accurately can the posi¬ 
tions of the stars on it be determined. 
As the Paris conference decided to 
determine star-positions accurately it 
adopted a pretty large scale and designed 
the instruments accordingly. 

Knowing the area of the sky shown on 
each plate and the total area of the sky, 


we can easily determine that at least 
10,313 plates are necessary to cover the 
whole sky. But because of unavoidable 
and desirable overlapping of the areas 
covered by plates, 11,027 plates were 
actually used in photographing the sky 
once, involving a duplication of 6 J per 
cent. But as photographic plates fre¬ 
quently have defects, the conference had 
decided that another set of photographs 
should be made as a check, with their 
centers in different places, and conse¬ 
quently 22,054 plates were used in mak¬ 
ing the catalogue. An equal number is 
needed in making the charts. The enor¬ 
mous size of the undertaking is now 
apparent. 

The total area of the plates used in 
photographing the sky once is equivalent 
to a single square plate 41£ feet on a 
side. If printed in the form of an atlas 
with pages the size of an ordinary type¬ 
writer sheet, 8^ x 11 inches, 2,660 pages 
would be required. The scale of the 
plates is equivalent to having the stars 
represented on a globe 23 feet in diam¬ 
eter. 

The plates used are not ordinary pho¬ 
tographic plates but are made of plate 
glass especially ground at the edges. 
The cost of the plates alone, for the cata¬ 
logue only, has been estimated at from 
$8,000 to $10,000. They weigh nearly 
three tons. Three exposures of 6 min¬ 
utes, 3 minutes and of 20 seconds, respec¬ 
tively, were made on each plate, the plate 
being shifted slightly between exposures. 
Counting 10 minutes for each plate the 
actual exposure time for the 22,054 
plates amounts to 135 thirty-hour weeks 
or close to three years. 

Obtaining the photographs, however, 
is but the beginning of the process. 
Each of these plates must be measured, 
that is, examined under a specially de¬ 
signed high-power microscope, and num¬ 
bers must be assigned to each star to fix 
its relative position on the plate. The 
diameter of the star’s image is also 
measured to determine the brightness of 
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the star. Professor Turner of Oxford 
tells us that the measurement of the 
plates of the section assigned to that 
observatory—1,180 plates, a little under 
1,225, the average number for a section 
—required the services of four or five 
persons for about ten years, and that the 
printing of the catalogue for that section 
required another four years. This sec¬ 
tion of the catalogue consists of seven 
large volumes and gives 470,873 star- 
positions. Special efforts were made to 
get the work on that section done rapidly 
and economically; yet the catalogue for 
that section was not published until 
1911. It was preceded by the Greenwich 
section only, in 1908, and that was 21 
years after the Paris conference. In 
1937 fifty years will have elapsed since 
the Paris conference. At present half of 
the sections of the catalogue are com¬ 
pleted and published. The other sections 
are in various stages of progress, but 
some results have been published in 
each. Some are progressing rapidly, 
others have been virtually abandoned. 
It can scarcely be hoped that all will be 
completed by 1937, although pressure is 
being exerted. Financial difficulties are 
responsible for the delay, the world war 
of course being a great factor. Profes¬ 
sor Turner in 1912 estimated the final 
cost of the catalogue at $2,500,000. Dr. 
Perrine, over the date September, 1932, 
wrote rather pessimistically : 1 ‘ After half 
a century of effort in which the resources 
of many of the principal .observatories 
of the world have been lavishly ex¬ 
pended, the work is far from completed. 
It is not possible to estimate with any 
degree of accuracy the cost of the work 
to date, but it cannot be less than ten 
million dollars gold.” This includes 
both catalogue and charts. There is 
much doubt as to whether the charts will 
ever be published completely. 

From the volumes of the catalogue 
actually published, embracing 11,000 
plates from many scattered parts of the 
sky, I find that there are in the average 


400 stars per plate, which indicates 
about 9,000,000 star images for all the 
plates. Considering that in making the 
plates the sky has been photographed 
twice and that there is a further dupli¬ 
cation of 6$ per cent., but considering 
also that some stars have been recorded 
from one plate only, I estimate that the 
total number of stars represented will be 
about 4,500,000. 

The whole astrographic catalogue will 
be equivalent to about 150 volumes sim¬ 
ilar in size to those of the Oxford section, 
or we might say to about 150 volumes of 
the size of those of the Encyclopedia 
Britannica, that is, to over six sets of the 
encyclopedia. This number of volumes 
would occupy over 13 feet of shelf space. 

The catalogue gives us a record of the 
position of a great number of stars at a 
particular time. It can be used and is 
being used for statistical work on a vari¬ 
ety of problems. I am especially inter¬ 
ested in double stars, that is, stars very 
close together in the sky and presumably 
close together in space. Examination of 
the Astrographic Catalogue has enabled 
me to discover to date about 1,500 hith¬ 
erto unknown double stars separated by 
5" or less. The catalogue will find its 
chief value, however, in the future. The 
solution of many important problems in 
astronomy depends upon a knowledge of 
the slow changes in the positions of the 
stars. One of our prized possessions is 
Bradley’s catalogue, giving the positions 
of over 3,000 stars compiled from accu¬ 
rate observations made from 1750 to 
1762. From these observations and those 
made on the same stars near the present 
time we are able to determine the slow 
motions of these stars accurately by 
reason of the long interval of time be¬ 
tween the observations. At some time in 
the future, say 50 or 100 years from now, 
new photographs of the sky can be made 
and the motions of the stars in the pres¬ 
ent Astrographic Catalogue can be de¬ 
termined. We shall then know much 
more about the size and structure of the 
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universe. As present-day astronomers 
are greatly indebted to the astronomers 
of the past for their observations, we are 
under an obligation to the astronomers 
of the future, an obligation we hope to 
fulfil in the Astrographic Catalogue. 

Although not designed primarily for 
that purpose the catalogue gives reliable 
information on the number and distribu¬ 
tion of the stars. But the number of 
stars recorded is but a tiny fraction of 
the whole number. Even the plates for 
the Astrographic Charts made with 
longer exposures with these same instru¬ 
ments will show about 20 times as many 
stars. We can get a good idea of the 
number of stars by merely examining 
many small areas in properly selected 
parts of the sky as samples. Such 
selected areas have been examined with 
our most powerful instrument. The re¬ 


sults show that an instrument as power¬ 
ful as the 100-inch reflector at Mt. Wil¬ 
son would reveal to the eye about 
500,000,000 stars in the whole sky, and 
that photographs made with that instru¬ 
ment would show twice as many, that is, 
a billion, about 200 times as many as are 
contained in the Astrographic Catalogue, 
which has required over 50 years in 
preparation and which has cost millions 
of dollars. The astronomer’s work is 
surely not near completion. 

We feel certain that more powerful 
instruments will show more stars, al¬ 
though we do not know how many. 
Estimates can be made, however, based 
upon more or less secure foundation. A 
recent estimate assigns to our system of 
stars a mass equal to 170,000,000,000 
times that of the sun, which is an 
average-sized star. 


NUCLEUS AND COSMOS 

By Dr. HENRY A. BARTON 

DIRECTOR, AMERICAN INSTITUTE OP PHYSICS 


Ladies and Gentlemen, if you are so 
kind as to listen to my talk, I can assume 
you are interested in what is the latest 
news in the science of physics—what are 
the things now coming to light, the dis¬ 
coveries which are important in forming 
the knowledge of mankind and which are 
likely to make the world different for 
you and for your children. Of course, 
no man is clever enough to predict just 
how fundamental discoveries will finally 
take practical effect. We only know 
from past experience that our deepest 
glimpses of nature usually lead to the 
most revolutionary advances. For ex¬ 
ample, it took a very penetrating mental 
eye to discern the atom in the depths of 
ordinary bulk matter, but the same light 
that disclosed the atom has since rapidly 
revealed all modern chemistry. 

The improved vision of physics now 
goes deeper even than the atom and we 


have the right to draw many conclusions 
concerning the atom’s inner construction 
and behavior. In particular, we have 
reason to believe that the atom has a 
heavy compact center or kernel which is 
surrounded by a kind of mush composed 
of electrons. It is something like a plum. 
It would, however, be no more reason¬ 
able to stop the story at this point than 
to stop the story of the plum with the 
kernel. We naturally ask what is inside 
the kernel and it is just what we know 
about the atomic kernel—or nucleus, as 
it is called—thait I want to talk about, 
and a little about how it is found out. 
You will admit that this is looking 
pretty deep, and you can accept the as¬ 
surance of every physicist that big 
things will come of these small ones. 

The first man to become interested in 
the atomic nucleus was a Frenchman, 
Becquerel, in 1896*; but it remained for 
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Ernest Rutherford—now Lord Ruther¬ 
ford—first to grasp the concept of the 
nuclear atom, the atom like a plum. His 
idea was not in any sense a guess but 
rather <an interpretation of his own care¬ 
ful experiments. Becquerel discovered 
the rays of radioactivity, and his work 
was quickly extended by Madame Curie 
and her husband. Rutherford and others 
showed in 1911 'and the next few years 
that 'the rays came from the nucleus, not 
from the outer “pulp” of the atom. All 
the properties of these rays—their na¬ 
ture, their intensity, speed, etc.—imme¬ 
diately became the bearers of informa¬ 
tion about the object—the nucleus—that 
sent them out. 

It has been shown that there are three 
kinds of radioactive rays: the electri¬ 
cally positive, the electrically negative, 
and a kind that is neither. The positive 
rays are called alpha-particles and they 
go very fast, the negative rays are elec¬ 
trons which go even faster and the 
others are like very penetrative x-rays, 
which, being a bind of light, go as fast 
as light—which is as fast as possible. 
Alpha-particles are going 12,000 mi./sec., 
beta-particles almost (but not quite) as 
fast as the x-rays, and the latter 186,000 
mi./sec. Alpha-particles have been iden¬ 
tified as the kernels of helium atoms. 
The beta-particles turned out to be elec¬ 
trons—in no way different from the 
electrons dancing to your bidding in the 
tubes of your radio set—except that 
they are going very fast. 

The upshot is that the nuclei have 
volunteered the information that they 
are in part made of electrons and alpha- 
particles. But that is not the last of it. 
About the same time, Sir J. J. Thomson 
and later Dr. F. W. Aston began weigh¬ 
ing atoms by a very ingenious method. 
They were actually weighing the atomic 
nuclei—because it turned out from 
Rutherford’s experiments that the pulp 
weighs practically nothing and the 
nucleus contains practically all the 
weight of the atom. Once the nuclear 


weights were known, it became possible 
to test whether nuclei were made up only 
of alpha-particles and electrons. Well, 
the idea could not be held for a moment, 
because on the chemical scale an alpha- 
particle weighs four units and there ex¬ 
ist in nature atomic nuclei weighing 1 
unit, 6 units, 7 units, 9 units, etc., which 
could not be made of unbroken 4-unit 
alpha-particles any more than 35 cents 
or a dollar and a half can be made out 
of unbroken bills. Some kind of a quar¬ 
ter w’as needed. I ought to have said 
that the electrons in the nucleus do not 
count because they are so light we can 
forget about their contribution to the 
total weight. On our analogy they 
would be much less than pennies, and 
even America’s first great physicist, 
Benjamin Franklin, would not mind our 
ignoring them. 

The one-unit nuclei I mentioned are 
hydrogen nuclei, usually called protons. 
They are the kernels of hydrogen atoms. 
This, by the way, will not be new infor¬ 
mation to those who have read in the 
papers about the discovery of a still 
heavier hydrogen weighing two units in¬ 
stead of one. Since the alpha-particles 
weigh just 4 times the ordinary hydro¬ 
gen nucleus and the other atomic nuclei 
likewise all weigh simple multiples, it 
was natural that physicists came to think 
that all nuclei are built up really of pro¬ 
tons and electrons—nothing else. But 
since alpha-particles seemed to be parts 
of nuclei it was supposed that the pro¬ 
tons frequently got packed into alpha- 
particles and the nuclei were then made 
up of these packages plus one or more 
loose protons. 

Unfortunately, only the nuclear 
weights suggested that protons were the 
bricks of the nuclear structures. There 
was no positive proof of it. The radio¬ 
active atoms never gave any hints by 
sending out single protons. Further¬ 
more, the information gathering was lim¬ 
ited by the fact that no attempt to attack 
or study the nucleus by artificial means 
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was successful. The nuclei volunteered 
information in the shape of the radio¬ 
active rays, but none of the accepted 
third-degree methods of the laboratory 
succeeded in forcing the disclosure of 
further information—not, that is, until 
1919—23 years after Becquerel made the 
first discovery of a nuclear phenomenon. 

In 1919, Rutherford—the same 
Rutherford—at last found out how the 
human race could do something to the 
smallest things in the world. He showed 
that when he let the alpha-rays from 
radium fall as bullets on nitrogen atoms, 
some of the bullets would hit the nitro¬ 
gen nuclei and knock out the very pro¬ 
ton bricks that physicists had suspected 
nuclei were made of. Rutherford ap¬ 
plied all his intelligence and skill to the 
methods of a child—breaking up things 
to see what they are made of—and 
thereby made himself the world's first 
successful alchemist. Because in knock¬ 
ing out a proton from the nitrogen 
nucleus he changed that nucleus into a 
different kind—a different chemical kind 
of atom. It is interesting to realize that 
we are living in the age in which the goal 
of the alchemists, sought for many cen¬ 
turies, was finally attained. 

What makes such experiments as 
Rutherford's so difficult is that only a 
very small fraction of the shots fired at 
atoms succeed in smashing their nuclei. 
Another thing is that radium is very 
rare, so one's supply of alpha bullets is 
extremely limited. This is why no very 
startling further progress was made for 
some years. 

Then, three years ago, nothing less 
than a new fundamental constituent of 
matter was isolated—a thing now called 
the neutron. It seems that the story 
albout the nucleus was incomplete. Chad¬ 
wick, of Rutherford's laboratory, identi¬ 
fied still another kind of ray coming out 
of nuclei. He found these new rays 
were emitted from the nuclei of certain 
light elements like beryllium, when they 
are bombarded by alpha-particles. The 


rays are particles—not anything like x- 
rays—but yet not charged particles like 
alpha-particles and electrons. They 
were neutral and so were called neutrons. 

In 1932 yet another ray was discov¬ 
ered, this time by Carl D. Anderson, 
working with Millikan in this country. 
These rays were knocked out of atomic 
nuclei when the latter were struck by 
cosmic rays. More recently, it has been 
found that certain radioactive rays can 
eject them, too. They are just like elec¬ 
trons but with one essential difference— 
they carry a positive charge of electricity 
instead of a negative charge. If one 
were put in a radio tube it would back 
up or go in the opposite direction to the 
ordinary electron. They arc called posi¬ 
tive electrons or positrons for short. 

So our list of nuclear building blocks 
lias been revised. We now have protons, 
familiar negative electrons, newly dis¬ 
covered positive electrons and neutrons. 
The augmented list is a victory of phys¬ 
ical discovery, but it is a defeat for the 
physicist in his aim to picture nature in 
terms of as few elements as possible. 
He has not rested under the sting of this 
defeat and now has reason to believe that 
the old proton was not an element after 
all but rather a combined neutron and 
positron. This reduces the elemental 
stuff of the nuclei to three kinds instead 
of four. Thus do physicists answer our 
original question: What is inside of the 
nucleus? Electrons, positrons and neu¬ 
trons. 

They are going on now to find out 
how these elements are arranged, how 
put together, to make nuclei. Again 
the wise-childish technique of breaking 
things up has come into use. Now, how¬ 
ever, it is no longer necessary to use the 
scarce and expensive alpha-rays for bul¬ 
lets. Apparatus has been developed to 
generate high voltages, and these can be 
applied to huge vacuum tubes in such a 
way as to accelerate hydrogen and 
helium nuclei which have -been stripped 
of their electronic pulp by laboratory 
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means. The result is £ast particles as 
effective as those found in nature and 
much more abundant. 

For example, Cockcroft and Walton— 
of Rutherford’s laboratory again—built 
up an elaborate apparatus capable of ac¬ 
celerating particles with 600,000 or so 
volts. They used protons (that is, hy¬ 
drogen nuclei) for bullets and shot them 
against a piece of lithium. Lithium is a 
mixture of atoms weighing 6 units and 
atoms weighing 7 units in the chemist’s 
scale of atomic weights. During the 
bombardment they found that the 
lithium target was emitting rayis of 
something more powerful than the fast 
protons which induced the effect. But 
these “new” rays turned out not to be 
new in nature. They soon were proved 
to be the same old familiar alpha-par¬ 
ticles. But the result was tremendously 
new. The experiments went on. It was 
found that the alpha-particles came out 
in pairs, that each pair had energy of 
motion equal to 15 million volts—sur¬ 
prising facts, but ones that carry a sug¬ 
gestion of the most fundamental signifi¬ 
cance for the world. 

What we apparently must think about 
the Cockcroft and Walton experiment is 
that frequently a proton struck and en¬ 
tered a Li 7 atomic nucleus. Then a 
kind of alchemical reaction took place 
and there were produced two alpha-par¬ 
ticles out of the original striking proton 
and the struck nucleus. Furthermore, 
these alpha-particles actually shot out 
(or flew apart) with greater energy than 
was put in. Atomic energy was released. 
That energy locked up in the mass of the 
nucleus—of which you have heard it 
said that a spoonful of water contains 
enough to drive the Leviathan across the 
Atlantic—escaped. 

I want to make this idea as clear as I 
can. Go back to more familiar things. 
Start with coal—ordinary coal being 
burned in a power house. The combus¬ 
tion converts chemical energy into heat. 


The boiler and the turbine convert this 
heat into the mechanical energy of a 
turning steel shaft. This drives a gen¬ 
erator in which the mechanical energy is 
converted into electrical energy. Thus 
it is a very familiar idea that energy can 
exist in different 'forms and can pass 
from one form to another. 

Einstein, in his theory of relativity, 
states that matter itself is a form of 
energy and suggests that the matter in 
a particle like a nucleus may be con¬ 
sumable, or convertible into another 
kind of energy. It is this energy of 
mass which is generally known as atomic 
energy, and it is very concentrated. 
The idea has been a plaything for im¬ 
aginative people, but the experiment of 
Cockcroft and Walton brings it down to 
the solid ground of actual human ex¬ 
perience. For the amount of energy of 
motion in the two flying alpha-particles 
was exactly the amount it should be. 
That is, the proton and the lithium nu¬ 
cleus weighed just a little more than the 
two alpha-particles. Taking the differ¬ 
ence in mass between the reacting mate¬ 
rials and the products of the reaction, 
Cockcroft and Walton found that the 
energy of mass set free is just enough to 
produce the energy of motion observed. 
It is reasonable to suppose tha/t just as 
the ancients developed the production of 
heat from chemical reactions, just as 
James Watt developed the steam engine, 
and just as Faraday, Henry and others 
developed the dynamo, so Cockcroft and 
Walton have begun the development of 
a process equally significant to the hu¬ 
man race. 

The title of my talk was “Nucleus and 
Cosmos,” and you will observe that I 
have left but a minute for the latter. A 
minute to talk about the universe 1 But 
you see from what I have said that the 
nucleus is of cosmic importance. In 
fact, the cosmos is mostly made of nu¬ 
clei, almost all the energy in the uni¬ 
verse is in the nuclei, and even the 
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famous cosmic rays are almost certainly 
some kind of nuclear phenomenon. 
Probably in the hot cores of the stars, 
there does not exist any matter as we 
know it, no plum-like atoms. The pulp 
is burned away and nothing is left but 
bare kernels, neutrons and free elec¬ 
trons, striking up against one another in 
inconceivably violent agitation. There 
is no ordinary chemistry—only the kind 


of chemistry that Cockcroft and Walton 
found, nuclear chemistry or alchemy. 
The experiments of the last few years 
have assured us that man will be able to 
investigate—by his own efforts—the 
nuclei of the atoms. It is perhaps not 
too much to say that the field just open¬ 
ing and now definitely in view is larger 
than the field of all physics from the be¬ 
ginning of history to now. 


NEW CROPS FOR THE AMERICAN SAHARA 

By Dr. WALTER T. SWINGLE 

PRINCIPAL PHYSIOLOGIST, BUREAU OF PLANT INDUSTRY, U. S. DEPARTMENT 
OF AGRICULTURE 


To most people the word Sahara 
brings to mind a sandy desert waste, 
difficult if not dangerous to traverse 
because of the scarcity of water, and 
rendered doubly dangerous by blinding 
sand storms caused by hot, dry winds. 
However, all travelers agree that, wher¬ 
ever water is available in Saharan re¬ 
gions, there are found oases that show 
luxuriant vegetation, abundant produc¬ 
tion and picturesque beauty. More and 
more is being heard about these attrac¬ 
tive features of desert life. 

Pew persons, however, realize that in 
the United States we have large areas 
which have climates that are extremely 
similar to those found in some of the 
best known parts of the Sahara desert 
and that in these sections of our country 
are to be found, as well, some of the most 
productive areas of the United States, 
regions which, thanks to irrigation, rival 
if they do not excel the finest oases of the 
Sahara itself in beauty, charm and in 
the bountiful production of human food. 

Few people realize that no other popu¬ 
lous, highly organized, temperate-zone 
country includes within its borders such 
large areas with typical Saharan cli¬ 
mates through which are scattered, 
wherever water is available, magnificent 


productive oases. The Old World coun¬ 
tries, France, England, Spain and Italy, 
possess, it is true, colonies which have 
Saharan climates, but none of them have 
within their own borders Saharan cli¬ 
mates such as are found in the United 
States. 

The North European settlers who live 
in these distant Saharan colonies, all but 
a few of them, move out en masse to 
cooler regions as the torrid heat of sum¬ 
mer comes on, and the few who remain 
behind, in lonely isolation, to hold vital 
posts, do not have the proper attitude of 
mind to conduct scientific work or even 
to study critically and improve cultural 
practises. The natives of such Saharan 
oases who do live there the year 'round, 
are not qualified by disposition, nor by 
training, to question the time-honored 
practises of their forefathers, much less 
to make any scientific observations. 

In no part of the world other than the 
United States do North Europeans re¬ 
side the year 'round in large numbers in 
these Saharan climates. There are 
doubtless many more residents of North 
European ancestry in the hot valleys of 
Arizona and California than in all the 
rest of the Saharan climatic regions of 
the world put together. Many of these 
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residents of the oases of our Southwest¬ 
ern States are expert plantsmen, skilled 
engineers and some of them are high- 
school, college or university graduates. 
Thanks to this unusual situation, the 
study of desert crops and their culture 
in this country has made remarkable 
progress in recent years. 

The culture of the date palm, one of 
the most characteristic and most beauti¬ 
ful of the crop-plants of the Old World 
oases, was undertaken early in this cen¬ 
tury as a definitely planned study to 
determine the possibility of introducing 
into the United States the crops of the 
Old World Saharan oases. This program 
was initiated by importing a large collec¬ 
tion of the best date varieties of the Old 
World and planting them in several test¬ 
ing gardens in Arizona and California in 
cooperation with the state agricultural 
experiment stations of those states. Since 
then the date palm has been studied in 
the United States as nowhere else in the 
world. 

Repeated trips to the date regions of 
the Old World, made by date experts 
under the auspices of the Division of 
Plant Exploration and Introduction of 
the U. S. Department of Agriculture and 
by private nurserymen, resulted in 
bringing into this country the best date 
varieties of all the leading date-growing 
regions of the Old World. Each date¬ 
growing country of the Old World has, 
to be sure, its own varieties of dates, but 
no country, other than the United 
States, has such a complete collection of 
the choice varieties of all countries, in¬ 
cluding well over one hundred date va¬ 
rieties from various parts of the Old 
World. These have been secured from 
the oases of Northern Africa, Egypt, 
Arabia, Mesopotamia, Persia and Balu¬ 
chistan, and are now being tested in 
the experimental date gardens of Cali¬ 
fornia, Arizona and Texas. 

Date culture has already become a 
promising new industry in California 


and Arizona, and some of the date gar¬ 
dens in these states are probably the beet 
managed and give the highest yields of 
any in the entire world. The American 
public is coming to appreciate the de¬ 
licious home-grown dates that are packed 
for the consumer, in an extremely clean 
and attractive way, practically fresh as 
picked directly from the trees. 

The date palm can not be grown suc¬ 
cessfully except in a Saharan climate. 
There is an Arab proverb, which states 
that the date palm must have its head in 
the burning fires of the sky and its feet 
in running water. In the rich soils of 
southeastern California and southern 
Arizona, the date palm grows with ex¬ 
treme rapidity and comes promptly into 
bearing. No other commonly grown crop 
yields any such quantity of human food 
as the date palm, and the fruits are of 
such choice flavor and of such attractive 
appearance that they are almost to be 
classed as confectionery rather than as 
ordinary food. Besides, the exception¬ 
ally high and well-balanced mineral con¬ 
tent of dates seems to render them an 
exceedingly healthful food—even for 
children and invalids. At the present 
time about four or five million pounds 
of dates are produced each year in the 
southwestern states, while about forty to 
fifty million pounds are imported into 
this country from the date-growing 
lands of the Old World. 

As would be expected, American date 
growers and their technical advisers 
have made one discovery after another 
concerning date cultivation and produc¬ 
tion until it is no exaggeration to say 
that more progress has been made in im¬ 
proving date culture in the United 
States during the past twenty years than 
has been made by Old World date grow¬ 
ers in the past twenty centuries. New 
methods of planting and of transplant¬ 
ing date palms; new methods of pruning 
them and of thinning the crop; new 
methods of picking, curing, sterilizing, 
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packing and storing the fruit, have not 
only been discovered but have been put 
into practise by intelligent American 
date growers. In the field of pollination 
of the flowers in particular, new and 
spectacular discoveries have been made. 

People not familiar with the date palm 
may not realize that the pollen is pro¬ 
duced on male palms which yield no 
fruit. In remote antiquity, some five or 
six thousand years ago, the Sumerians in 
Mesopotamia discovered how to pollinate 
the female date palm by tying a short 
spray of male flowers in each flower 
cluster of the fruiting palms. Only two 
or three male palms are needed for a 
hundred fruiting palms, and to-day all 
the Arab date growers of the Old World, 
as well as all the American date growers, 
practise this system of artificial pollina¬ 
tion. This is a great advantage over the 
haphazard pollination of date palms 
growing in a wild state, where the wind 
blows the pollen about from the male 
palms to the fruit-bearing ones, which 
exist in about equal numbers when 
grown from seeds as date palms origi¬ 
nally were grown. 

The discovery about pollination which 
has come as a surprise to fruit growers 
and to scientific botanists the world over 
is that the pollen from different male 
palms has been found to exert a very 
definite influence upon the time of ripen¬ 
ing of the fruit. 

In some parts of the Southwest the 
summers are so hot that most date varie¬ 
ties ripen too early and tend to shrivel 
in the burning heat of later summer. In 
other regions the summer heat is not 
adequate to ripen all the crop before 
rainy cool weather begins in autumn, 
with the result that often a large frac¬ 
tion of the crop may hang on the palms 
in an immature condition far into the 


winter, with heavy losses from rain, 
which is very detrimental to the ripen¬ 
ing of the fruit. By using the pollen 
from selected male palms it has been 
found possible to control ripening in an 
exceedingly satisfactory way, and this 
control is now being used on a commer¬ 
cial scale in some of the large date plant¬ 
ings in the Coachella Valley in Southern 
California. 

There are thousands of beautiful date 
palms growing in the vicinity of Palm 
Springs, Calif., and Phoenix, Ariz., two 
of the most famous and most beautiful 
desert resorts in America, and these have 
attracted the enthusiastic admiration of 
great numbers of winter visitors. It is 
nO exaggeration to say that the date 
palm has contributed more than any 
other cultivated crop to the beautifica¬ 
tion of the landscape; and furthermore, 
date gardens lend a characteristic desert 
atmosphere that nothing else could give. 

The skilled Arab cultivators of the 
Old World plant, under the half-shade 
cast by the feathery foliage of the date 
palm, choice fruit trees of all kinds— 
oranges, figs, apricots, etc.—which thrive 
to perfection; and underneath the deeper 
shade of these fruit trees, sheltered from 
the burning sun, grow flowers and veg¬ 
etable crops, thus making the land sup¬ 
port willingly three tiers of crops—first, 
the leafy palms high in the air, then the 
friendly fruit trees, having their laden 
branches within easy reach, and finally, 
below them, vegetables, berries or lovely 
flowers. Our own date growers have al¬ 
ready discovered that oranges, grape¬ 
fruit and other citrus fruits thrive un¬ 
usually well under the shifting half- 
shade of the date palm. Soon we too 
may expect to see luxurious gardens 
under our own lofty date palms, rival¬ 
ing or excelling in charm those of the 
famous oases of the Old World. 
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THE HYDROGEN TRIO 

By Dr. HUGH S. TAYLOR 

DAVID B. JONES PROFESSOR OP OHEMISTRY, PRINCETON UNIVERSITY 


Three months before the outbreak of 
war in 1914 an international scientific 
race had just been concluded. Soddy of 
Aberdeen had found that radio-lead 
from thorium sources had an atomic 
weight of about 206. Richards and 
Lembert in Harvard and Honigschmidt 
in Vienna had shown independently 
that radio-lead from uranium sources 
had an atomic weight of about 208. 
Ordinary lead was known to be about 
207. Soddy’s concept that substances 
could exist with identical, o_' practically 
identical, chemical and spectroscopic 
properties but different atomic weights 
was established. Soddy suggested a 
name for such substances, isotopes, be¬ 
cause, though different in mass, they 
occupied the same place in the chem¬ 
ist^ periodic table of the elements. 
We now know that isotopes of the same 
element have the same net positive 
charge on the nucleus and the same sys¬ 
tem of external electrons. It is the net 
nuclear charge, not the mass of the 
nucleus, which determines the position 
in the periodic table. 

Aston, who after the war returned to 
the Cavendish Laboratory in Cambridge, 
England, developed a mass spectrograph 
to determine masses of individual 
charged particles and in November of 
the year 1919 supplied definite proof 
that the rare gas, neon, existed in at 
least two isotopic forms of masses 20 and 
22. He thus extended the concept of 
isotopes to elements which were not 
radioactive in their origins. There fol¬ 
lowed a decade of activity in which, 
with the mass spectrograph progres¬ 
sively refined, an increasingly large 


number of elements were shown to be 
isotopically complex. There are, for 
example, eleven isotopes of tin. Some 
elements persistently proved to be sim¬ 
ple. Carbon, oxygen and hydrogen were 
among those so regarded at the end of 
the ten-year period. 

Early in 1929 the complexity of oxy¬ 
gen was established by Giauque and 
Johnston of California, using a novel 
method of attack, by examining the ab¬ 
sorption of light by air. They found 
absorption bands which were inter¬ 
preted as belonging to compounds con¬ 
taining two new oxygen isotopes, one of 
mass 18 and a much rarer one of mass 
17. Oxygen, of mass 16, had been used 
as the standard of mass reference for 
all the other elements both for historical 
reasons and because of its assumed sim¬ 
plicity. Its established complexity at 
once raised doubts as to the simplicity 
of carbon and hydrogen. In the case of 
the former, the doubts were resolved by 
the discovery, in 1929, of a rare isotope 
of mass 13 by Birge and King, again 
from a study of the band spectra of 
gaseous carbon compounds, among 
others that of carbon monoxide. Birge 
and Memzel calculated that discrepancies 
between the chemical atomic weight and 
the mass spectrograph value for hydro¬ 
gen would be resolved if hydrogen con¬ 
tained about 1 part in 4,500 of an iso¬ 
tope of mass 2. It was this theoretical 
calculation which provided the spur for 
an experimental search for such an iso¬ 
tope by Urey, Brickwedde and Murphy, 
jointly, at Columbia University and the 
U. S. Bureau of Standards. They an¬ 
nounced early in 1932 that, by frac- 
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tional distillation of liquid hydrogen, 
the heavier isotope concentrated in the 
residue and that its presence could be 
demonstrated by the appearance of a 
faint spectral line in the hydrogen dis¬ 
charge near the ordinary line of atomic 
hydrogen and spaced from it at such a 
distance as would be demanded theoreti¬ 
cally for an atom with a charge of unity 
(that is to say a hydrogen isotope) but 
having a mass of two. 

Atomic weight determinations, mass 
spectrographic and light absorption 
measurements only demonstrate the ex¬ 
istence, the relative abundance and the 
masses of isotopes. The practical iden¬ 
tity of their chemical properties, empha¬ 
sized at the outset by Soddy, had been 
utilized in the case of radioactive iso¬ 
topes for chemical indicator purposes; 
the desirable goal of the scientist, the 
separation of the isotopes of an element 
and the separate examination and com¬ 
parison of their properties, remained 
until a year ago unattained. An enor¬ 
mous amount of effort has been ex¬ 
pended in the attempts at separation. 
These must be based on differences in 
properties which depend essentially on 
mass or on chemical reactivity. For a 
decade and a half prior to 1933 a variety 
of trials were made. Separation was 
attempted by fractional diffusion, by 
thermal diffusion, by centrifugal separa¬ 
tion, by fractional distillation and 
evaporation at low pressure, by migra¬ 
tion of isotopic ions under the influence 
of an electric current, by preferential 
excitation to photochemical reaction of 
one or other isotope using light absorbed 
by one and not the other. The net suc¬ 
cess was vanishingly small. One or 
other method gave separations of one or 
two parts per thousand at such a pro¬ 
digious expenditure of effort that the 
recovery of the pure components of an 
isotopic mixture seemed to be an unat¬ 
tainable objective. The hydrogen iso¬ 
topes, of masses 1 and 2, represent the 


most favorable case, since the mass dif¬ 
ference is 100 per cent. Even in this 
case the problem seemed to be discour- 
agingly difficult when it was shown that 
the fractional evaporation of 40 liters 
of liquid hydrogen until only two liters 
of gas remained raised the concentration 
of the heavier gas only to 1.5 per cent. 
Hertz in Germany has separated the two 
isotopes by fractional diffusion through 
special porous material to yield the 
separate constituents spectroscopically 
pure. His method, however, only yields 
a few cubic millimeters of gaseous 
product. 

The development which revolutionized 
the whole subject of isotope chemistry 
is due to the late Dr. E. W. Washburn 
of the U. S. Bureau of Standards. 
Washburn determined, late in 1931, to 
test the efficiency of electrolysis of water 
solutions as a method of concentrating 
the hydrogen isotopes. While his own 
experiments were in progress, he secured 
samples of water from commercial cells 
which had been used for several years in 
the electrolytic production of hydrogen 
and oxygen. Urey analyzed this water 
for him by the spectroscopic method and 
found an enrichment of the mass 2 iso¬ 
tope. Washburn himself found that the 
density of the water was greater than 
that of ordinary water by 50 parts per 
million, a further evidence of enrich¬ 
ment. As Washburn and Urey wrote 
in their joint communication “the 
above results are of great importance, 
for we now know that there are large 
quantities of water in these electrolytic 
cells containing heavy hydrogen in rela¬ 
tively high concentrations and, also, 
there is available now a method for con¬ 
centrating this isotope in large quanti¬ 
ties/’ Washburn’s determination of 
the abnormal density of water from 
electrolytic cells will take rank with 
those classical determinations by Lord 
Rayleigh of the densities of chemical 
and atmospheric nitrogen, from which, 
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with the work of Sir William Ramsay, 
there resulted the discovery of the rare 
gases of the atmosphere, helium, neon, 
argon, krypton and xenon. 

The isolation of the mass 2 isotope in 
approximate purity was not achieved by 
Washburn. The race was to the swift 
and to those richer in available resources 
of apparatus and men. In rapid succes¬ 
sion, from the University of California, 
Princeton, Cambridge, England, Colum¬ 
bia University, Frankfurt and Vienna 
came records of the success of Wash¬ 
burn’s method in producing water in 
which with continued electrolysis 30, 60, 
92, 99.9 per cent, of all the hydrogen 
atoms had a mass of two instead of one. 
Since the mass of the molecule H 2 0 
would be 2 x 2 + 16 = 20, whereas ordi¬ 
nary water would be 2 x 1 + 16 = 18, it is 
evident that, granting equal volumes of 
the two molecules, the new water might 
have a density of 20/18 = 1.11. The ex¬ 
periments were followed by the chang¬ 
ing density of the product, and it is now 
known that heavy water with hydrogen 
of mass 2 has a density of 1.1079 at 
25° C. referred to ordinary water at the 
same temperature. 

Shortly after the isolation was accom¬ 
plished, Urey, Brickwedde and Murphy 
christened the isotopes; hitherto this 
had not been necessary with isotopes 
since there had been no chemistry of 
separate isotopes to be considered. The 
discoverers of heavy hydrogen sug¬ 
gested, for hydrogen of mass 1, the 
name protium, since this would conform 
with current usage of the name proton 
for the nucleus of the hydrogen atom. 
For the isotope of mass two they pro¬ 
posed the name deuterium, which, for 
the nucleus of this atom, suggests deu- 
teron or, more briefly, deuton, the 
nucleus of mass 2 and unit positive 
charge. They also suggested that, if the 
isotope of mass 3 were discovered, the 
name tritium might be considered. 
These names have found general accept¬ 


ance, except in England, where, follow¬ 
ing a suggestion from Lord Ruther¬ 
ford’s laboratory, the name “diplogen” 
has been employed. The best excuse for 
this latter is that it gives “diplon” in¬ 
stead of deuton, which latter does not 
find favor with the English scientists 
who, with colds in their heads in winter 
time, may confuse deuton with the 
“neutron” the particle of mass 1 and 
zero charge. Considerable discussion 
has arisen as to the symbols to be em¬ 
ployed. Previous custom has sanctioned 
H 1 , H 2 and H 8 for the symbolic repre¬ 
sentation. There is, however, an in¬ 
creasing use of H for H 1 , of D for H 2 
and of T for II 8 . Fortunately, D and T 
have not hitherto been used as symbols 
for any elements; also, D stands, equally 
well in England and elsewhere, for both 
deuterium and diplogen. 

For the technique of preparation of 
pure heavy water or deuterium oxide, 
the Princeton procedure may be cited, 
since, in this manner, about 13 tons of 
commercial electrolyte corresponding to 
upwards of 50 tons of ordinary water 
have already been treated to yield ap¬ 
proximately one pound of the purest 
heavy water. About 15 gallons of com¬ 
mercial liquor are electrolyzed daily to 
one fifth volume in a battery of 960 cells 
using nickel anodes and iron cathodes. 
The residue is distilled to remove excess 
electrolyte, and the distillate after addi¬ 
tion of alkali is passed to the second 
stage, a unit of 160 cells shown in the 
diagram, Fig. 2, on page 369, where it 
is again electrolyzed to one fifth volume. 
These two stages concentrate the deu¬ 
terium from 1 part in 1,600 to 0.25 per 
cent., and 1 per cent., respectively. From 
the third stage onwards a modified form 
of electrolysis is employed in which the 
evolved hydrogen (containing deute¬ 
rium) and oxygen gases are recovered as 
water and passed back to the preceding 
stage of electrolysis. The experimental 
arrangement is shown in Fig. 3. ,The 
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successive stages handle successively 
smaller volumes of water the concentra¬ 
tion of deuterium in which rises by steps 
from 1 per cent, to 4, 13, 35, 95 and 100 
per cent. D 2 0. The electrolytic fractiona¬ 
tion factor is about 5, that is to say, the 
gas evolved is about one fifth as concen¬ 
trated in deuterium as the water from 
which it is evolved. Hence the separa¬ 
tion that is achieved. 

The product has unique and charac¬ 
teristic properties. Its density relative 
to ordinary water at 25° C. is 1,1079. 
It melts at 3.82° C. and boils at 
101.42° C. It has a maximum density, 
not at 4° C. as with ordinary water, but 
at 11.6° C. It is 25 per cent, more vis¬ 
cous than ordinary water at 20° C. but 
has a smaller surface tension. Salts are 
less soluble in it by about 10 per cent., 
and the electrical conductance of salt 
solutions is less than in light water. 

There are three kinds of hydrogen 
molecules that can arise from light and 
heavy hydrogen atoms, namely, H 2 
molecules, D 2 molecules and the mixed 
molecule HD. To analyze mixtures of 
such gases a special mass spectrograph 
has been developed by Dr. Bleakney, of 
the Princeton Physics Department. It 
is evident that the molecules just dis¬ 
cussed will give rise to ions of masses 
2(H 2 + ), 3(HD*), and 4(D 2 + ). In addi¬ 
tion to these, atomic ions of masses 1 
and 2 (H* and D + ) can also arise and, 
from these, triatomic ions (HHH + ) of 
mass 3, (HHD + ) of mass 4, (HDD + ) of 
mass 5 and (DDD + ) of mass 6. Bleak¬ 
ney *s method permits him to sort out 
these various possibilities so that he can 
estimate how much protium (H) and 
how much deuterium (D) is present in 
a given sample. Fig. V shows the results 
of one such analysis of a deuterium rich 
sample. 

Using such a method of analysis it has 
been found that the deuterium content 
of normal rain water is 1 part in 5,000 
of the total hydrogen present. This is 


a much greater abundance of deuterium 
than is present in the chromosphere of 
the sun as spectra at the last eclipse 
definitely showed; it points to a tremen¬ 
dous preferential loss of light hydrogen 
during the earth’s formation. The an¬ 
nouncement by Lord Rutherford of the 
synthetic production of hydrogen of 
mass 3, tritium (T) by bombardment 
experiments of deuterium with high¬ 
speed deutons lent considerable interest 
to a determination by the Princeton 
Physics Department of the tritium con¬ 
tent of the purest deuterium oxide 
water prepared in the Frick Chemical 
Laboratory. With a new and specially 
refined mass spectrograph it has now 
been shown that our purest heavy 
water contains approximately 1 part in 
200,000 of the tritium atoms. This 
means that, in ordinary water, the tri¬ 
tium content is not more than 1 part in 
a billion. Tritium, therefore, becomes 
the youngest and rarest of all the iso¬ 
topes yet discovered in natural occur¬ 
ring substances. Since heavy deuterium 
water costs, at a conservative estimate, 
$5 per gram, it is evident that, with a 
100 per cent, efficiency of recovery of 
its tritium content, pure tritium water, 
T 2 0, would cost at least $1,000,000 a 
gram or water roughly twenty times the 
cost of radium. Such are the paradoxes 
of modern isotope chemistry. 

Using the same method of analysis it 
is possible to follow the rate of reaction 
of one isotope of a given element with 
its own isotope. It has been shown, for 
example, that H 2 molecules will react 
with D 2 molecules to form HD mole¬ 
cules at temperatures as low as that of 
liquid air, with catalysts such as chro¬ 
mium oxide and nickel which are active 
in catalytic hydrogenation processes. 
These results indicate that the high tem¬ 
peratures necessary in industrial syn¬ 
theses such as those of ammonia or wood 
alcohol are required not for the activa¬ 
tion of the hydrogen but for the activa- 
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improvements would bepossible in suoh 
industrial operations, under much sim¬ 
pler working conditions. Deuterium 
points the direction which research in 
technical catalysis must take. 

Biologieally.faeavy waterhas proved 
*0 of the utmost interest Seeds of 
the tebaeco plant do not germinate in 
' A&ojf, water. Fresh-water organisms 
'a^h ^ aa tadpoles mid guppies die 
quickly when placed in heavy water, 
^niedlular organisms, such as para- 
moeeium or euglena, are more resistant, 
but ere eventually killed. The lumines¬ 
cence of bacteria is modified in heavy 
water media, and the rate of respiration 
markedly reduced. Teast ferments 
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catalase present in the Wood itroam anA^ 
whose function it is to destroy hydrogen 
peroxide does so at only one half 
normal rate in 85 per cent, heavy water. 
The action of the heavy water may be 
likened to that of a generally unfavort 
able environment leading to progressive 
changes in the cell. It would seem that- 
the changes observed are the result ot 
differential effects on the rate of hid-*/..’ 
chemical reactions, examples of whiofc. 
have just been given in respect to «Jp 
ayme reactions. The use of heavy water' 
as an indicator of reaction mechanism itt , 
biological systems is evident from re¬ 
ports of recent English work in which 
it has been shown, by experiments oofif 
ducted in heavy water, with organisms 
sueh as B. eoli and B. aeeti, that the 
present accepted mechanisms for their 
activity need to be modified in the light 
of results obtained with media contain¬ 
ing deuterium instead of hydrogen. 

The known compounds containing 
hydrogen are numbered in the hundreds 
of thousands. It is evident that an over¬ 
whelming program of research replac¬ 
ing hydrogen by deuterium is possible. 
Judiciously conducted, such a program 
will aim at the preparation of materials 
with which problems in physico-chemical 
science may , be tested. There 4$n 
already the beginnings ofsueh a pro¬ 
gram to be recorded. A number of ex¬ 
change reactions between heavy water 
and different substances have thrown 
light on the problems of meohanism in¬ 
volved. Thus, ammonia gas, NH v ex¬ 
changes very rapidly with heavy water, ' 
D,0, to give ammonia in which the 
hydrogen atoms are replaced by deu¬ 
terium atoms to an extcat Aepending os 
relative. concentrations. In cone 
however,: only; about byd' 

atoms are readily replaced and 
atoms are those preftoot ia ^i 
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FIG. 2. GKNK11AL VTEW OF ELECTROLYTIC 1 CONCENTRATION OF HEAVY WATER 
Tank A to right contains l(j() units for the second stage of the electrolysis. Tank B, 
SHOWN IN DETAIL IN FlO. 3, IS A SMALLER UNIT. EMPLOYING RECOVERY OF THE EVOLVED HYDRO¬ 
GEN-DEUTERIUM MIXTURES AND USED FOR MORE CONCENTRATED SOLUTIONS. TlIE COPPER STILL 
FOR DISTILLATION OF ALKALINE LIQUORS IS SHOWN AT C. 


C 2 II 2 , and acetone, CH 3 OOC1I ; ,, do not 
replace their hydrogens for deuterium 
in acid solutions or in plain heavy water 
but do so more or less readily in basic 
solutions. The former exchange indi¬ 
cates definitely the acidic nature of 
acetylene. The latter demonstrates that 
acetone in basic solutions exists partially 
in another form CH 3 . COH: CH y which 
is acidic in nature due to the H attached 
to oxygen. In acetic acid CH a C0OH 
only the final acidic H is readily replace¬ 
able by D. In a compound such as nitro- 
ethane, CH*CH 2 N0 2 , the two hydrogen 
atoms next to the N0 2 group are replace¬ 
able by deuterium in basic solutions of 
heavy water. In this cavse the rate of 


reaction can be measured and it has 
been shown that II atoms leave this 
molecule more easily in the heavy water 
solutions than they do in light water 
solutions. Similarly, cane sugar is 
broken up by reaction with heavy water 
faster than by light water. In other 
reactions the velocity is slower in heavy 
water. The accelerating or retarding 
effect obtained is used by the chemist to 
decide the detailed picture of what is 
occurring in such solutions. With deu¬ 
terium atoms as labelled hydrogen 
atoms, much can be learned about these 
detailed occurrences; and what is found 
for deuterium must also occur with 
hydrogen under the . same conditions, 
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even though, without the label, this can 
not be demonstrated. Reactions of deu¬ 
terium and deuterium compounds which 
are slower than those of hydrogen are 
due to the fact that the lowest energy 
states (the zero-point energies) of the 
former are less than those of the latter. 
To become equally activated, by heat or 
light, deuterium must receive greater 


is being put to spectacular use as a pro* 
jectile in atomic transmutation. Im¬ 
mediately after the isolation of deu- 
terium the nuclei or deutons were so 
employed to bombard lithium, the re¬ 
sults showing them to be much more 
effective missiles than protons. Two 
processes are possible with the isotopes 
of lithium of masses 6 and 7. 



FIG. 3. ELECTROLYSIS WITH RECOVERY OF HYDROGEN DEUTERIUM AND 
OXYGEN BY COMBUSTION AND CONDENSATION. 

The hydrogen -deuterium and oxygen are freed from spray in the towers A CONTAINING 

ABSORBENT COTTON, PASS THROUGH THE EXPLOSION TRAPS B AND ARE BURNED AT A PYREX JET C. 

The water is condensed and wllected in D, the enriched residue remaining in the 

ELECTROLYSIS VESSELS WATER-COOLED IN TANK E. 


increments of energy; vice versa, under 
equal energy conditions the deuterium 
compounds will in general be less reac¬ 
tive. In cases where this does not hold 
it is to be concluded that reaction does 
not involve molecules of the deuterium 
compound, but rather an atom or an ion. 
Comparative velocity measurements are, 
therefore, of great importance theoreti¬ 
cally. 

In the physics laboratory deuterium 


8 Li® + ,D 8 s 2 8 He 4 
8 Li 7 + ,D a = 2 2 He 4 + 0 n l 
The subscript to the left represents the 
nuclear charge; the superscript is the 
mass. Here also 0 n l represents a neu¬ 
tron of zero charge and unit mass. 
Helium of mass 4 and charge 2 is the 
other product. 

Experiments in Cambridge under 
Lord Rutherford suggested that deutons 
could be used to bombard deutons and 
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TATION TUBE. DEUTERIUM IN THE UPPER HALF 
IS IONIZED AND THE DEUTONS ARE LED THROUGH 
THE SLIT OR CANAL, BETWEEN THE SHADED 
AREAS, TO THE LOWER HALF OF THE TUBE IN 
WHICH THEY COLLIDE, UNDER HIGH POTENTIAL, 
WITH DEUTERIUM ATOMS AND MOLECULES TO 
GIVE THE OBSERVED TRANSMUTATIONS TO TRITIUM 
AND TO HELIUM 3. THE GAS IS CONSTANTLY 
CIRCULATED BETWEEN THE UPPER AND LOWER 
HALVES OF THE CANAL RAY TUBE. 

produce new forms of matter. Here, 
also, there are two possibilities. 

1 D* + 1 D 1 « 1 T a + 1 H 1 
jD 2 + jD 2 = 2 He 8 + pn 1 
In the first, transmutation gives two 
hydrogen atoms, one of mass 1, the other 
of mass 3, in other words, tritium. In 
the second, the change is to a helium 
isotope of mass 3 and charge 2 and a 
neutron of mass 1 and zero charge. 
Both of these changes have now been 
decisively demonstrated not only by the 
methods of Rutherford involving mea¬ 
surements of the tracks of particles; 
they have been employed to produce 
these rare isotopes 4 ‘in quantity /’ 


Samples of deuterium after subjection 
to such atomic bombardment in appara¬ 
tus shown in Figs. 4 and 5 have been 
found by the Princeton physicists to 
contain concentrations of tritium forty 
times greater than that of the deuterium 
initially. Similarly, the production of 
helium isotope of mass 3 has also been 
shown. In each case the method of 
analysis involves the sensitive mass spec¬ 
trograph already discussed. Deutons 
also are being used as the projectiles for 
the production of artificially radioactive 
light atoms, the new field of physics 
developed only this last year by M. 


$ 

m 


Fig. 5. General view of apparatus employed 
ik Palmer Physical Laboratory, Princeton 
University, for transmutation of deuterium: 

INTO (a) TRITIUM AND HYDROGEN, (b) HELIUM 
OF MASS 3 AND NEUTRONS. THE LONG GLASS 
TUBE SHOWN TO THE LEFT OF THE CENTER OF 
THE PHOTOGRAPH IS THE ACTUAL LOCATION OF 
THE TRANSMUTATION PROCESS. THIS UNIT IS 
SHOWN DIAGRAMMATICALLY IN FlO. 4. 
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Joliot and his wife, Mme. Curie Joliot, 
first with alpha particles, next with pro¬ 
tons and neutrons and now also with 
deutons. 

That the pace of this scientific devel¬ 
opment is prodigious all must realize 
when they remember that only one year 
ago the deuterium isotope was not yet 
isolated. To-day it has a still rarer 


brother, tritium; it has itself given rise 
to this and to other new isotopes, some 
radioactive, some not; it has made pos¬ 
sible a new branch of chemistry, the 
chemistry of isotopes which already has 
markedly enriched our knowledge of 
general and physical chemistry; it is a 
potent Weapon of attack also on physio¬ 
logical and biological problems. 


CALENDAR REVISION AGAIN 

By JOSEF J. JOHNSON 

DEPARTMENT OF ASTROPHYSICS, CALIFORNIA INSTITUTE OF TECHNOLOGY 


Many are the recognized defects of 
our present Gregorian calendar. Many 
are the suggestions which have been 
advanced to correct those defects and 
to provide a calendar which will meet 
modern needs as efficiently as possible. 
Yet comparatively little progress has 
been made toward the acceptance of a 
revised calendar, perhaps partly because 
of the inherent shortcomings of the 
various Bystems proposed and because 
of a peculiarly even balancing of these 
shortcomings as between rival systems. 
It is believed that the system here pro¬ 
posed, while by no means free from ob¬ 
jections, will at least point a way out of 
the impasse which has arisen. 

The history of the Gregorian calendar, 
its principal defects, the leap-year rule 
and the merits and shortcomings of the 
various proposed revisions have been so 
ably discussed in a recent article 1 by H. 
W. Bearce, of the Bureau of Standards, 
that it would be quite amiss to go into 
such matters here. Let it suffice to re¬ 
call that the proposed revisions fall into 
two groups—the 13-equal-months plan 
and the 12-month-equal-quarters plan. 

1 Henry W. Bearce, * * The Proposed Revision 
of the Gregorian Calendar, ’ ' Scientific 
Monthly, 85: 500, 1932. For an aible presen¬ 
tation of the merits of the 13-months calendar, 
see M. N. Stiles, (1 The Need for a Thirteenth 
Month,'' Scientific Monthly, 39: 151, 1934. 


The former, sometimes known as the 
“International Fixed Calendar,” re¬ 
quires the intercalation of an extra 
month, for which the name “Sol” has 
been suggested. It lias the obvious ad¬ 
vantage of having all months alike; all 
evenly divisible into weeks. The latter 
plan, variously known as the “Swiss 
Plan” and the “World Calendar,” lacks 
the advantages of the former but has the 
very real advantage of making the year 
easily divisible into equal quarters. 
Since the number of days in a year is 
not evenly divisible by seven, both plans 
require the insertion of occasional extra 
days, such as “blank days,” “year 
days,” “leap days” or double days—48- 
hour periods designated as one day and 
date. 

There is some objection, principally 
on religious grounds, to the insertion of 
an extra day and the consequent inter¬ 
ruption of the regular succession of the 
seven days of the week. But, as Mr. 
Bearce has pointed out, this objection 
must arise against any plan such that all 
years will begin on the same day of the 
week. If the objection is sustained, the 
case for calendar revision is hopeless. 
If it can be overcome, why not “go 
whole hog” and definitely part company 
with the seven-day week? Certainly, if 
the time was ever ripe for such a change, 



CALENDAR REVISION AGAIN 


373 


it i« ripe now. People who are accus¬ 
toming themselves to a drastic revision 
in the length of the working week should 
be far less startled than as of old by the 
idea of a change in the calendar week. 

Once we give up the seven-day week, 
our taak is greatly simplified and many 
possible plans suggest themselves. The 
following is tentatively offered as a fixed 
calendar for every month of a .12-month 
year: 


Sun. 

Mon. 

Tucr. 

Wed. 

Thura. 

FH. 

Sat. 

1 

o 

3 

4 

5 

6 


7 

8 

9 

10 

11 

12 


13 

14 

15 

16 

17 

18 


19 

20 

21 

22 

23 

24 


25 

20 

27 

28 

29 

30 

31* 


* Saturday the 31st to be counted in January, 
March, May, July and September of ordinary 
years; also in November of leap years. 

The above system partakes of all the 
advantages of the 4 ' World Calendar,” 
particularly of the divisibility of the 
year into halves and quarters—a point 
of great practical importance for statis¬ 


tical comparisons and computation of 
interest. It partakes also of the princi¬ 
pal advantage of the “International” 
plan, namely, that, for every month, a 
given date falls always on the same day 
of the week. The months are, to be sure, 
not of exactly equal length; but it is to 
be pointed out that the apparent equal¬ 
ity under the “International” plan is 
achieved only by means of the subter¬ 
fuge of putting in an occasional day 
which does not belong to any month. 

It will at once be objected that the 
plan here proposed would stand no 
chance whatever of being adopted; that 
the complete abandonment of the seven- 
day week is an idea far too drastic ever 
to be considered by the tradition-bound 
and custom-loving peoples of the earth. 

Not so long ago the validity and final¬ 
ity of such an objection could not have 
been questioned. But many things have 
happened during the last few years— 
witness America's abandonment of the 
gold standard, the repeal of prohibi¬ 
tion, the -. The age of miracles 

is still with us. Why not a New Deal 
Calendar? 
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THE PROGRESS OF SCIENCE 

AN APPRECIATION OF CHARLES WILLIAM ELIOT 


President Eliot of Harvard Univer¬ 
sity was always a commanding figure, 
a center of attention, in any company 
of which he was a part. The fact that 
such a personality was still living, ac¬ 
tive in mind and body, capable of mak¬ 
ing an appropriate impromptu speech, 
at the celebration of his ninetieth birth¬ 
day, March 20, 1924, lent to that occa¬ 
sion a dramatic interest which the recent 
centenary observance of his birth could 
not have in the same degree. But for 
that very reason the centenary offered 
perhaps an even better opportunity than 
the previous anniversary for a just esti¬ 
mate of the man and of his work. 

He was an inheritor of the best New 
England qualities and traditions. He 
was energetic, practical and purposeful, 
capable of success in any business under¬ 
taking which might have attracted him. 
At the same time he was a moral idealist, 
a sincere Puritan, though without a 
trace of bigotry. He was a philanthro¬ 
pist who studied how to bring out the 
best possibilities in every individual 
whom his influence could reach. He was 
a deeply religious man, in faith and in 
feeling rather than in acceptance of 
dogma, and his devotion to the chief 
undertakings of his life was essentially 
a religious devotion. 

Closely akin to his religious faith was 
his faith in human nature, his trust in 
the capacity, mental and moral, of the 
ordinary individual when properly ap¬ 
pealed to. This had much to do with 
his famous predilection for the “elec¬ 
tive system / 9 almost free choice, for the 
individual college student among a great 
variety of courses offered. Admitting 
that some students would misuse this 
freedom, as some individuals will mis¬ 
use any freedom, he believed this evil 
to be outweighed by the opportunity 
given for voluntary development of 
one’s own best faculties and by the 


strengthening of character which the 
responsibilities of self-direction give. 

If I had to characterize by a single 
word his conception of what education 
should be, I should choose the word 
vital. Teachers, he said in his inaugural 
address, should be young men or the 
kind of men who do not grow old. Edu¬ 
cation must be a quickening influence. 
It should bring the student into contact, 
the more intimate the better, with facts 
that interest him, that excite his curi¬ 
osity, that cultivate his powers of ob¬ 
servation and reasoning, that equip him 
for an active, useful and self-respecting 
career. Nothing should be taught or 
learned year after year merely because 
it had been taught or learned year after 
year. Moreover, education for any spe¬ 
cific calling should be thorough. No 
man should enter the practise of any 
profession until he is as well qualified 
for that profession as he can reason¬ 
ably be qualified for it by institutional 
training. 

These propositions may seem common¬ 
place now, but they were not common¬ 
place sixty-five years ago, when Eliot 
became president of Harvard. If they 
are commonplace in America to-day, it 
is largely because his faith, his persist¬ 
ency, his power as a leader have made 
them so. 

His leadership, contrary to the opin¬ 
ion which used to be rather prevalent 
among those who did not know him well, 
was not of the imperious kind. He 
sought always to persuade, not to sub¬ 
due, or to repress discussion. He was 
proverbially a good listener, and it was 
partly for this reason, no doubt, that he 
was proverbially a good judge of the 
character and capacity of individual 
men. He had a large measure of free¬ 
dom in the appointment of members of 
the various Harvard faculties, espe¬ 
cially, perhaps, the Faculty of Arts and 
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Sciences, and he made appointments 
with much care, though not with a view 
to securing support for his own opin¬ 
ions. I once heard him say that one of 
the chief qualifications of a college pres¬ 
ident is the ability to recognize “the 
natural teacher and the real gentleman, 
sometimes under considerable disguises. ’ * 
The last four words of this quotation, 
saving the statement from being too 
flattering to a faculty audience, are, by 
the way, an excellent example of the 
always effective and always dignified 
humor with which his speeches and con¬ 
versation were occasionally lightened. 

In one of his informal addresses to 
undergraduates he said, in describing 
what traits distinguish a gentleman, “A 
real gentleman will always be consider¬ 
ate toward those whom he employs, 
toward those who might be considered 
his inferiors, or who are in any way in 
his power.” As president he acted in 
accordance with this rule, but neverthe¬ 
less an interview with him on a matter 
of business was for most members of the 
Harvard faculties something of an or¬ 
deal, as the following lines written by a 
professor many years ago will indicate: 

Don’t. be nervous, lie will give you 
no unneressu ry pain, 

As lie deftly takes your cranium off 
and looks into your brain. 

Such being the man, his aims and Ids 
methods, his work was fruitful. He 
maintained direct and active contact 
with every faculty of the university. 
By appointing more well-chosen teach¬ 
ers, by offering new courses, by extend¬ 
ing the elective system, by infusing the 
whole with his own invigorating influ¬ 
ence, he made of Harvard College a new r 
institution, where men of learning and 
ability were glad to do their life work 
and where students gathered in increas¬ 
ing numbers. He recognized Langdell 
as the prophet of a new era in the teach¬ 
ing of law and placed him at the head of 
the Law Faculty, with results now 


known and acclaimed throughout the 
English-speaking world. In the Med¬ 
ical School, where shamefully loose and 
superficial methods of instruction had 
prevailed, he insisted upon, and against 
great opposition secured, a course of in¬ 
struction and training commensurate 
with the responsibilities of the medical 
profession. The now famous Harvard 
School of Business Administration was 
founded in the later years of his presi¬ 
dency. In short, taking command of 
Harvard when the elder Agassiz, trained 
in Europe, declared it to be hardly 
worthy of the name university, he, in the 
course of forty years, made it one of the 
great institutions of learning in the 
world. 

But he did more than this. He was 
public-spirited in the broadest way. He 
was actively interested in the primary 
and secondary schools of the country, 
and he exerted in various ways a stimu¬ 
lating influence upon them. His time, 
his thought, his experience were at the 
service of any college head who asked 
his advice, as many did. 

He took an active part in the discus¬ 
sion of social and political questions, 
though he never had any political office 
and twice declined an offer of the Lon¬ 
don ambassadorship. Especially in his 
old age, after his retirement from the 
presidency of Harvard, he held a unique 
place as a venerated counselor of the 
American people. 

As a speaker, whether in private or in 
public, President Eliot was remarkably 
effective. In look and manner he was 
quietly imposing, and in his later years 
benignant. His voice was at the same 
time mellow and powerful, always carry¬ 
ing and never seeming loud. He seldom 
indulged in flowers of rhetoric. He 
always seemed to be thinking his way 
along as he spoke, though he never hesi¬ 
tated, never needed to revise his senten¬ 
ces before publication. He once said, 
on the question of what constitutes a 
liberal education, that the only indis- 
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pensable requisite is a mastery of one's he did not possess and he distrusted in 
own language. This mastery he had, others the gift of automatic eloquence, 
both in form and in substance, though Edwin H. Hall 

DECENNIAL REVIEW OF THE WORK OF THE MARINE 
BIOLOGICAL LABORATORY 

At the time of erection of the perma- Association for the Advancement of 
nent buildings and of the establishment Science and by the professors in the 
of the endowment of the Marine Bio- field of biology of each of the following 
logical Laboratory in 1923, a deed of universities separately: Harvard Uni¬ 
trust was created, providing for custody versity, Columbia University, the Uni- 
of endowment funds; and, also, among versity of Chicago, Princeton University, 
other things, for a decennial review of Yale University and the University of 
its work. The purpose of these provi- Pennsylvania. The specific function of 
sions was to ensure the continuation of the Committee of Review is to ensure 
management in the hands of American permanent protection of the purposes of 
biologists, and at the same time to pro- the trust. 

vide for expert administration of endow- The committee met at the Marine Bio- 
ments. The membership of the Com- logical Laboratory on July 21, 1934, and 
mittce of Review provided for in the made a study of its work as provided in 
deed of trust consists of nine members the deed of trust, as a result of which 
to be nominated one each by the Na- they rendered a favorable report to the 
tional Academy of Sciences, the Na- trustee on the work of the institution, 
tional Research Council, the American Their meeting provides an opportunity 


r. . 

I 



THE FACADE OF THE MARINE BIOLOGICAL LABORATORY. 
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to present to a wider public some aspects 
of the work of a unique institution. 

It should, then, be recorded that the 
Marine Biological Laboratory was estab¬ 
lished at Woods Hole, Massachusetts, in 
1888; and that from the start the man¬ 
agement of its affairs has rested in the 
hands of American biologists on a co¬ 
operative basis. The members, number¬ 
ing for many years over 300, elect a 
board of trustees composed exclusively 
of scientific men, who are responsible for 
the management. The high scientific 
reputation and stable membership of 
this board has ensured a consistent de¬ 
velopment of the institution. 

The period under review by the spe¬ 
cial committee includes establishment of 
the endowment fund, the erection of 
the main laboratory, the establishment 
of a special library endowment and the 
erection of fireproof dormitories. Such 
events are not likely to be duplicated in 
the next decennium. They have nat¬ 
urally given a very important impetus 
to the work of the laboratory, but they 
have in no way altered its previously 
existing aims and purposes. During the 
last four years the general economic dis¬ 
tress has been reflected in the laboratory 
by some reduction of activities; but, on 
the whole, the work of the laboratory 
has exhibited marked stability. 

The number of investigators increased 
from 176 in .1923 to 362 in 1931 and fell 
off to 319 in 1933; the institutions repre¬ 
sented by workers were 107 in number 
in 1923, 137 in 1931 and 120 in 1933. 
The total number of institutions repre¬ 
sented in the decennium was 414, of 
which 95 were foreign institutions of 
learning. The development of the li¬ 
brary has been very rapid and continu¬ 
ous: in 1923 the library contained 11,- 
698 bound volumes and 9,587 pamph¬ 
lets; in 1933, 37,420 bound volumes and 
81,208 pamphlets. In 1923 journals 
currently taken numbered 281; and, in 
1933, 1,137, A somewhat comparable 


development of research facilities and 
apparatus occurred during the same 
period. 

The findings of the Committee of Re*, 
view were to the following effects: that 
“the organization of the Laboratory, as 
embodied in its Constitution and By¬ 
laws, continues to operate effectively 
under the control of professional biolo¬ 
gists. The Laboratory is especially well 
equipped for researches in general biol¬ 
ogy, experimental zoology and botany, 
embryology, physiology, biochemistry, 
biophysics and other branches of the 
biological sciences. Its research rooms, 
apparatus and facilities are excellent, 
and during the summer these are used 
to capacity. Living material for re¬ 
search is abundant and is promptly sup¬ 
plied by the Collecting (Supply) De¬ 
partment. The library is generally rec¬ 
ognized as one of the best biological li¬ 
braries in the country; it has increased 
about three-fold during the past decen¬ 
nium. It is freely accessible to investi¬ 
gators and is extensively used. General 
lectures and conferences are given at 
least twice a week throughout the sum¬ 
mer session. They are largely attended 
and in general are very instructive and 
stimulating. One of the most important 
features of the Laboratory is the close 
personal association of workers in many 
fields over considerable periods of time. 
This is one of the chief attractions of the 
Marine Biological Laboratory . 7 ’ 

The Marine Biological Laboratory 
serves the needs of all the universities, 
colleges and biological research institu¬ 
tions of the country, and offers its facili¬ 
ties to foreign institutions. It is a mat¬ 
ter of general public interest that this 
institution, now in its forty-seventh 
year, through its unique form of organi¬ 
sation, preserves all its pristine vigor 
and enthusiasm, owing to the fact that 
so many of the rising generation of 
biologists are drawn into membership. 
The control of its, affairs thus changes 
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gradually and automatically, and the 
development of the biological sciences is 
always reflected in its membership. 

The Woods Hole Oceanographic In¬ 
stitution, founded in 1930, has brought 
into the local scientific community a new 
strong group of workers, and has greatly 
increased the breadth of interests. Its 
location was determined largely by the 

PREHISTORY 

Palestine’s place in prehistory and 
history runs parallel with its geographic 
position as a link in the chain which 
binds together the three continents of 
the Old World. Its prominent place in 
history and proto-history now bids fair 
to be equaled by its growing importance 
as a fertile field for prehistoric research. 
The attention of prehistorians was at¬ 
tracted to the Near East by Zumoffin s 
researches in caves on the Syrian coast 
near Beirut (1897) ; little was done, 
however, within the present limits of 
Palestine until after the World War. 
During the past dozen years much has 
been accomplished through educational 
institutions centered in Jerusalem in co¬ 
operation with and encouraged by the 
department of antiquities. 

With Palestine as one of its pros¬ 
pective fields of operation, the American 
School of Prehistoric Research was 
founded in 1921. Our first opportunity 
to do some reconnaissance in Palestine 
came on the occasion of the Interna¬ 
tional Congress of Archeology held in 
Jerusalem and Beirut in April, 1926. 
Prospecting at a number of prehistoric 
sites and examination of museum collec¬ 
tions confirmed us in our previous esti¬ 
mate of the prehistoric possibilities of 
Palestine. 

Exploitation of stone at the base of an 
escarpment in the Wady al-Mughara 
near the foot of Mount Carmel in 1928 
accidentally brought to light two rare 
prehistoric carvings in bone. The site 
is less than six kilometers southeast of 
the Crusaders’ Castle at Athlit (some 


reputation as a scientific center given to 
Woods Hole by the work of the Marine 
Biological Laboratory and the United 
States Bureau of Fisheries in its station 
established there since 1885. Mutual 
advantages accrue to these three institu¬ 
tions by their close association and co¬ 
operation. 

Frank R. Lillie 

IN PALESTINE 

19 km south of Haifa). The discovery 
was reported to the Department of An¬ 
tiquities, then referred to the British 
School of Archeology in Jerusalem. 
Miss Dorothy A. E. Oarrod, represent¬ 
ing the British School, then invited our 
school to join in the work of exploring 
and excavating that which turned out to 
be a group of caves, three of which have 
proved to be extremely important. The 
three productive caves are Mugharet el- 
Wad (Cave of the Valley), where the 
accidental discovery had been made, 
Mugharet es-Skhfil (Cave of the Kids), 
and Mugharet et-Tabun (Cave of the 
Oven). The first two caves have already 
been completely excavated. The seventh 
season of excavations is now in progress 
and will complete the excavation of the 
third cave (Tabun). 

The sequence of cultures in the Mug¬ 
haret el-Wad is remarkable for ita com¬ 
pleteness; the series, beginning at the 
top, is as follows: (A) Bronze Age to 
Recent; (Bl) Upper Natufian (Meso¬ 
lithic); (B2) Lower Natufian; (C) 
Upper Aurignacian of Caspian (Afri¬ 
can) affinities; (D) Middle Aurigna¬ 
cian; (E) Lower Middle Aurignacian; 
(F) Layer of erosion, containing both 
Aurignacian and Mousterian; (Q) 
Upper Mousterian. 

Many human skeletons were found in 
the two Natufian layers; numerous beads 
of dentalia shells and perforated animal 
teeth were found with some of these 
skeletons (Fig. 3). The Natufian de¬ 
posits also yielded carved bone haftings 
set with microlithic flints (Fig. 8). 
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FIG. 1. HUMAN SKELETON 

WITH CIRCLETS OF DENTAL1A SHELLS ABOUT THE CRANIUM. MUGHARET KL-WaD. 

Lower Natufian Epoch. 


These were obviously used as sickle 
blades iu the harvesting of grain. It 
seems therefore that agriculture had its 
beginnings as far back as the Natufian 
and antedates the potter’s art; for no 
pottery has been found in Natufian de¬ 
posits. 

The Mugharet es-Skhul deposit is of 
Lower Mousterian age. Theodore D. 
MeCown of our school was in charge of 
its excavations. It was here that he 
found nine Neanderthal skeletons, the 
largest number ever found at a single 
site anywhere in the world. They were 
embedded in a breccia so hard that, in 
order to remove a single skeleton, it was 
in some cases necessary to cut out a 
block of stone weighing a ton. These 
blocks were sent to the Royal College of 
Surgeons, London, where MeCown has 
been since last September superintend¬ 


ing the extraction of the skeletons from 
the stone. The work is tedious and 
costly, but is facilitated through the use 
of an electro-pnoumatie chisel and an 
electric dental lathe. The work of pre¬ 
paring these skeletons is still far from 
complete. The expense is being borne 
jointly by our school and the Royal Col¬ 
lege of Surgeons. The school’s share of 
the cost is met through a generous grant 
from the American Council of Learned 
Societies. The University of California 
is contributing indirectly to the joint 
undertaking by awarding a fellowship 
to MeCown. 

The nine skeletons from the Mugharet 
es-Skhul all belong to an early type of 
the Neanderthal race and furnish skele¬ 
tal parts, which were missing in Nean¬ 
derthal skeletons found previously in 
other parts of the world. The full sig- 
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FIG. 3. FRONTAL BONE OF CRANIUM 
from Layer 0, TabCn Cave: (a) norma 

LATERALIS; (b) NORMA FRONTALIS. 


FIG. 2. CROSS SECTION OF CAVE 
Interior of Mugharet et-TabCn (Cave of 
the Oven). All the layers are visible ex¬ 
cept: A (Bronze Age to Rfxent), at the 
top; AND E (ACHEULIO-MOUSTERIAN) AND F 
AND G (ACHEULIAN AND TAYACIAN) AT THE 


tensive than are those in the other two 
eaves, and man lived for a much longer 
period of time at Tabxin. Layer A at 
the top contains potsherds, which range 
from Early Bronze Age down to modern 
Arab. Mixed with these are a small 
number of Natuflan flints. Below this 
come in turn: (B) Upper Mousterian, 
(C) Lower Mousterian, (D) Lower 
Mousterian, (E) Acheulio-Mousterian, 
a very thick layer with four distinct cul¬ 
ture-bearing levels, (F) Upper Acheu- 
lian, and (G) Tayacian (Fig. 2). The 
deposits have a total thickness of 15 
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FIG. 4. CHINLE8S LOWER JAW 

(UPPER)—LOWER JAW FROM LAYER C, TabCN 

Cave, resembling those found in the near by 
Cave of WkhCl. Norma lateralis; (lower) 

—CHINLESS LOWER JAW OF THE SKELETON FROM 

Layer C, TabOn Cave. 



FIG. 5. LOWER JAWS 
The two lower jaws from Layer C, TabAn 
Cave, Norma verticals. 


meters and represent a time period of 
about 100,000 years. 

In the upper portion of Layer C, Miss 
Garrod found the skeleton of a small 
adult female, with a low cranial capacity 
(Fig. 3) and a chinless lower jaw. 
Some 90 centimeters deeper in the same 
layer, she found the massive well-pre¬ 
served lower jaw of an adult male, re¬ 
sembling the lower jaw f s of the skeletons 
found by McCown in the Skhtil cave 
(Figs. 4 and 5). In all these the chin 
is better developed than is usual among 
known Neanderthalians. There is also 



FIG. 6. ARM BONE 

Left upper arm bone (humerus) of tiie 
SKELETON FROM LAYER C, TABCn CAVE: (a) 
POSTERIOR ASPECT; (t>) ANTERIOR ASPECT; (c) 
VIEW OF THE SIDE NEAREST THE BODY. 

a difference between the limb bones of 
the Tabun skeleton and the limb bones 
of those from Skhffl (Fig. 6). These 
differences represent extreme variations 
within the same race, combined of course 
with individual and sex variations. 

Miss Garrod has prepared a composite 
section of the three caves in the Wady 
al Mughara (Fig. 7). It shows at a 
glance the absolute and relative thick¬ 
ness of the layers found in each of the 
caves, as well as how these layers over¬ 
lap. The combined thickness, not count¬ 
ing repetitions, is 21 meters. In addi- 
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FTG. 7, (‘HART OF CAVE 
Composite section of the three Wady al- 
Mughara caves; it represents a period of at 
LEAST 100,000 YEARS AND ITS THICKNESS, NOT 
COUNTING DUPLICATIONS OF LAYERS, IS MORE 
THAN 2J METERS. 


tion to the record-breaking list of human 
skeletons, these various layers also 
yielded a rich harvest of cultural re¬ 
mains. 

Oilr American School has likewise 
combined with the British School in the 
partial excavation of the Mugharet el- 
Kebara, near Zichron Jacob, some 16 
kilometers south of Wady al-Mughara. 
As far as the excavation went (to the 
Lower Middle Aurignacian), the section 
revealed is not unlike that of the Mug- 
liaret el-Wad. The underlying deposit, 
not yet excavated, seems to be Mous- 
terian. The most interesting layer is 
the Lower Natufian, corresponding to 
B2 of the Mugharet el-Wad. It yielded 
an abundance of bone implements, in¬ 
cluding very delicate harpoons with a 
single row of barbs and a splendid series 
of bone carvings, two of which are on 
the end of sickle blade hafts (Pig. 8). 
They are in the same class, only more 


complete, as these found in the Mug¬ 
haret- el-Wad. Mr. Turville-Petre, as¬ 
sisted by Mrs. Baynes, was in charge of 
the work in the Kebara cave. 

A temporary exhibition of the results 
of the joint Palestine expeditions was 
held from February 1 to May 1, of this 
year, at the British Museum, through 
the courtesy of the trustees of the mu¬ 
seum and the cooperation of Reginald 
Smith, keeper of the Department of 
British and Medieval Antiquities, and 
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FIG. 8. SICKLE BLADES 

TWO CARVED BONE IIAFTING8 FOR SICKLE BLADES, 
COMPLETE EXCEPT FOR THE MJCROLITHIC FLINTS, 
WHICH WERE SET IN THE LONGITUDINAL GROOVE 
SEEN IN THE FIGURE AT THE BOTTOM. MUG- 

haret el-Kebara. Lower Natufian Epoch. 


T. D. Kendrick and Christopher 
Hawkes, assistant keepers. Miss Gar- 
rod and Mr. McCown arranged the ex¬ 
hibition so as to include; (1) a com¬ 
plete sequence of the cultural remains 
from the Tayacian to the Natufian; 
(2) various animal bones from the dif¬ 
ferent layers; and (3) some of the 
Neanderthal and Natufian (Mesolithic) 
skeletons. 

George Grant MacCurdy, 
Director 

American School of 
Prehistoric Reskahch 
Yale University 
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SOIL EROSION—A NATIONAL MENACE 

By H. H. BENNETT 

DIRECTOR, SOIL EROSION SERVICE, DEPARTMENT Of THE INTERIOR 

Unrestrained soil erosion is rapidly sent merely a fraction of the soil washed 
building in this country an empire of out of fields. The greater part is piled 
worn-out land. The cost of this evil to up along lower slopes, where it is not 
our farmers and ranchers amounts to at needed, or it is deposited over stream 

least $400,000,000 annually, to say noth- bottoms or laid down in channelways 

ing of the enormous damage to high- and reservoirs. Once the soil leaves a 
ways and railways and the costly silting field, it is as irretrievably lost as if con- 
of reservoirs, streams and ditches. This sinned with fire, in so far as pertaining 
appalling wastage is speeding up with to the field from which it is washed. It 
the washing off and blowing off of the can not be economically hauled back, 
absorptive topsoil, down to less absorp- even that which is temporarily lodged 
five, less productive, more erosive sub- not far down the slope, 
soil. Over this erosion-exposed mate- Thousands of farmers operating on 
rial, usually consisting of comparatively slopes stripped of the inure productive 

impervious clay, rainwater flows away surface layer have but the slimmest op- 

faster from millions of denuded acres to portunity to make a satisfactory living, 
increase the frequency and volume of whether prices are up or down. They 
floods* have been lowered to the discouraging 

'least three billion tons of soil ma- level of cultivating land whose produc- 
t^S|p'v (5 :a# , e washed out of the fields and tivity has been reduced from two to ten 
of America every year. To load times or more by this tragic wastage, 
f and l^aul away this incomprehensible most of which could have been pre- 
bulk of rich farm soil would require a vented. We find them, generally, not 
train of freight cars long enough to along the main highways, but in the 
encircle the earth thirty-seven times a%:‘ back country, housed in miserable dwell- 
the $pator. More than four hundred ings and living pitifully inadequate 
milMpa totta.of solid matter are dumped lives, with their system of cultivating 
into the Gulf of Mexico every year by little plots of ground scattered between 
the Mississippi alone, along with many gullies and abandoned fields, 
more millions of tons of dissolved sub- 

stipes. These materials come largely Wholesale Land Wreckage 

f#P|' the farms of the Mississippi Basin. Already, the nation has permitted the 
part consists of super-soil— essential destruction of an area of for- 
Soil fiefaer than that of the Nile. But merly cultivated land that exceeds the 
the sediments entering the oceans repre- combined extent of Illinois, Massachu- 
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setts and Connecticut. This is the 
equivalent of about 220,000 farms of 
160 acres each. In addition, this wash¬ 
ing of sloping fields has stripped off all 
or the greater part of the productive 
topsoil from 125 million acres of the 
land at present in cultivation; and now, 
wind erosion is rapidly developing other 
enormous areas of poor land, as well as 
destroyed land in our semi-arid belts. 

Man’s activities in subduing the for¬ 
ests of eastern America, then the prairies 
to the west and finally the plains, 


valleys, mountains and intermountain 
basins beyond, have proceeded along 
lines of reckless land use. So vast were 
our original resources in land that no 
one was concerned with matters pertain¬ 
ing to soil conservation. But now the 
country may as well gird its belt for 
continuing battle against this process of 
land wastage, if we are to avoid the 
ominous eventuality of becoming the 
world’s most outstanding nation of sub¬ 
soil farming—which means, generally, 
submarginal farming, with all its at¬ 
tendant evils of poverty, declining social 
and economic values and a hopeless out¬ 
look upon life. 


A New American Experience 
On the eleventh day of May this year 
the sun was blotted out over a vast area 
of northeastern United States by a huge 
dust storm that originated in the 
drought-stricken wheat fields west of the 
Mississippi. This “dry blizzard” of 
sun-obscuring yellow dust, which swept 
an estimated bulk of three hundred mil¬ 
lion tons of rich soil from the sun- 
parched lands of the Great Plains, 
marked a stage in our system of land 
use that should alarm and arouse every 


thinking citizen. It was a thing that 
never before happened in America, at 
least, not since the coming of white men. 
It was a historic event of far more sig¬ 
nificance with respect to the continuing 
welfare of the country than most of the 
incidents included in our histories. 

This onward sweeping dust cloud was 
not the result merely of an unprece¬ 
dented set of seasonal conditions. For 
untold centuries droughts have charac¬ 
terized the Great Plains region. The 
very physical features of the land have 
been fixed by this climatic factor (the 
“caliche” or mid-latitude pedocalic 
soils, for example). The wind which 



first step in control of erosion 

by Soil Erosion Service on the South Tyger River Project, South Carolina. Following 

THE INSTALLATION OF THESE CHEAP LOG DAMS, VEGETATION IS SET IN THE GULLIES AND BETWEEN 
THE GULLIES. SUCH BORE SPOTS MUST BE CONTROLLED IN ORDER TO PROTECT GOOD FARM LAND ON 

SLOPES BELOW. 
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WHAT EVENTUALLY HAPPENS IF GULLIES LIKE THOSE IN THE PHOTOGRAPH 
ON PAGE 380 ABE NOT CONTROLLED 



FORESTED VIRGIN LAND DAMAGED BY GULLIES 

THAT STARTED IN AN ADJACENT HIGHER-LYING FIELD. SPARTANBURG COUNTY, SOUTH CAROLINA. 
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drove that stupendous bulk of soil ma¬ 
terial half way across the continent was 
not one which in itself could have ac¬ 
complished the gigantic task. The real 
cause was man-induced, speeded-up soil 
erosion resulting from agricultural 
utilization of those dry-land areas, plus, 
of course, a high degree of ground desic¬ 
cation and soil-lifting winds. Formerly, 
a natural cover of grass stabilized the 
ground against wind movement. When 
tliis cover was broken, first by farmers 
venturing beyond the prairies and later 
by large-scale wheat producers, with 
their tractors and combines, the loosened 
soil was laid bare to the driving force of 
the wind. Its natural firmness was 
further diminished by continuing culti¬ 
vation, accompanied by dissipation of 
the vegetable matter in the soil and the 
breaking down of the natural structure 
of the soil—its granularity and frag¬ 
mental character. Thus, man with his 
plows and crops developed an incoher¬ 
ent, powdery soil condition favoring the 
ready lifting of the finer particles into 
the high pathways of air currents and 
the leaving of the coarser infertile 
grains to drift at lower levels by a proc¬ 


ess of saltation, thus to cover productive 
land with relatively unproductive wind- 
assorted material. 

This is the simple physics of the proc¬ 
ess of land stripping by wind, as it is 
also, essentially, of the still more power¬ 
ful soil-transporting force of rainwater. 
It is not an expression of opinion, but 
a technically determined fact. 

Erosion by Water the Major 
Evil 

Land impoverishment by rain wash is 
an even more serious economic problem 
than that of wind erosion. The erosion 
problem in its entirety is a national 
problem, the economic gravity of which 
outstrips any of the temporary worries 
about which we have heard so much re¬ 
cently. But the nation has not yet 
realized this fact. 

What lias happened in Stewart 
County, Georgia, is an excellent illustra¬ 
tion of the destructiveness of man- 
induced erosion. Approximately one 
fourth of the area of that county— 
70,0(H) acres—has been permanently de¬ 
stroyed by gullying. Originally most 
of this destroyed area consisted of the 



THE ONLY HOPE FOR GULLIED LAND OP THIS KIND IS FORESTRY 
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UNDKHCUTTINO TYPE OF GULLY 

THE KIND MOST DIFFICULT TO CONTROL. 1JERE CLAY SOIL IS UNDERLAIN BY SOFT, DECOMPOSED 
GRANITE WHICH CUTS OUT WITH EVERY HEAVY RAIN CACHING THE SOIL ABOVE TO CAVE IN. 

Southern Piedmont region. 


best farm land in the great coastal plain 
section of that state. There is no prac¬ 
tical means by which these devastated 
lands can be rehabilitated, and the 
wastage is marching steadily ahead 
through the remaining areas of good 
lamb of which there is none too much 
now. 

Some of the gullies have cut to depths 
of 200 feet. One of these has engulfed 
a sclioolhouse, two farm buildings and a 
graveyard with 50 graves. Thus, the 
intermingled debris of wasted land, 
human habitations and the contents of 
tombs that were supposed to be the 
peaceful resting places of man have set- 
out upon a journey of death down the 
valley of the Chattahoochee River, 
towards the wastes of the Gulf of 
Mexico. 

The 70,000 acres of land destroyed by 
erosion in this single Georgia county 
represent but a fraction of the gigantic 
stride America has made in the direction 
of land misuse and consequent land im¬ 
poverishment and destruction. It is 


merely an example of the appalling cost 
of unplanned, haphazard, reckless use 
of the nation’s most indispensable re¬ 
source—the kind of use that falsely pre¬ 
supposes limitless and inexhaustible 
supplies of good agricultural land. 

Erosion Not a Local Problem 

Soil wastage by erosion is by no means 
restricted to the southern states. It has 
extended to the shores of California and 
to the very heart of the great South¬ 
western grazing region. In southwest¬ 
ern Wisconsin and parts of Iowa, Mis¬ 
souri, Kansas and other central states 
the rate of soil removal by unrestrained 
rainwater flowing down across unpro¬ 
tected slopes, has been even faster than 
in the old sections of the East and 
South, although not so large an area lias 
been ruined as yet. For example, ac¬ 
cording to actual measurements, the 
principal type of corn soil on about the 
average slope (8 per cent.) of the north 
Missouri-south Iowa section of the corn 
belt is losing soil where corn is grown 
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continuously at the destroying rate of 
60 tons per acre annually, and with this 
27 per cent, of all the rainfall is imme¬ 
diately lost as runoff. This means that 
the entire depth of the more productive 
topsoil (about 7 inches) is swept off in 
approximately 20 years. On the other 
hand, on exactly the same type of land, 
occupying the same degree of slope, and 
receiving the same rainfall, only two 
fifths of a ton of soil is lost annually per 
acre where alfalfa is grown and only a 
little more where timothy grass is 
grown. The water loss from alfalfa 
fields is at the rate of only 3 per cent, 
of the total rainfall. In other words, a 
thick soil-saving crop like alfalfa is 300 
times more effective than a clean-culti¬ 
vated crop like corn, with respect to 
conservation of soil. Also alfalfa causes 
the absorption of 9 times as much of the 
rainfall as continuous corn. 

The average results of measurements 
made on 12 markedly different and very 
important agricultural soils, lying 
largely in the Mississippi Basin, show 


that grass and similar crops are about 
65 times more effective with respect to 
soil conservation and 5 times more effec¬ 
tive with respect to immediate absorp¬ 
tion of rainfall than clean-tilled crops 
grown on the same soils under identi¬ 
cally the same conditions as to slope and 
rainfall. 

The Origin of a National 
Misconception 

Immigrants to the American conti¬ 
nent found a region so rich in land, 
timber, grass, game, fish, fur and navi¬ 
gable streams that there early developed 
in this country a false concept of inex¬ 
haustible resources. Unfortunately, this 
concept has persisted until to-day. 

Except in an unimportant way, the 
Indians had done little to cultivate the 
soil or to change the virgin character of 
the land surface and the vegetation on 
it. The streams bore oceanward the 
residue of rainwater flowing gently from 
wooded and grass-covered slopes. Riv¬ 
ers ran clear, except in high flood. 



The ripples average about 2 inches in height and are 4 or 5 inches across. South 

Dakota, summer or 1934. 
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IIOW WIND EROSION AFFECTS A FIELD 
South Dakota, summer of 1934. 


Into this virgin paradise entered the 
enthusiastic* colonists. There began a 
transformation of the land surface at a 
rate probably never before occurring in 
the earth \s history, and with it the crea¬ 
tion of a nation of fabulous wealth. 
Reservoirs of population in Europe 
supplied in a comparatively short time 
millions of vigorous people to clear 
away the forests and to break out the 
prairies in their westward march of 
agricultural occupation. Frontiers were 
pushed farther and farther westward at 
a pace that eliminated planning, or dis¬ 
criminative use of the virgin land, or 
even thought of the effect of man’s ac¬ 
tivities upon the abundant resources 
that everywhere swept to far horizons. 
Man was busy “subduing the wilder¬ 
ness, ’ * slaughtering the buffalo for their 
hides and plowing up the matted sod of 
the prairies. There seemed no necessity 
for even thinking of conservation in any 
form or degree. 

Lands which had been thoroughly 
protected through thousands of years 
of time by unbroken mantles of vegeta¬ 
tion were suddenly exposed over exten¬ 
sive areas to the dash and sweep of tor¬ 
rential rains. Topsoils were literally 
swept away, leaving raw subsoil exposed 
at the surface. So stupendous has been 


the work of this man-induced washing 
of the land as to reduce and destroy the 
productivity of millions of acres in 
numerous densely populated localities 
within less than a century. The eco¬ 
nomic and social aspects of this trans¬ 
formation have been tremendous. 

Throughout the nation continuing 
erosion has carried with it consequences 
of first importance with respect to per¬ 
manence of investment in the billions of 
dollars in navigation, power, municipal 
water supply, irrigation developments, 
farming and grazing. Products of sur¬ 
face wash and gully excavation have 
been carried by storm waters to be de¬ 
posited in stream channels and reser¬ 
voirs. Yawning gullies have concen¬ 
trated rainfall in a manner to pass on to 
streams with greatest possible speed the 
downpours that gather on watersheds, to 
gorge the channelways of tributaries 
and trunk streams with destroying 
floods, Especially significant is the 
rapid rate of silting which is going on 
in reservoirs located on streams within 
critically eroding areas of the country, 
both in the East and in the West. 

America faces alternatives in this re¬ 
spect. One is to let continue the process 
now destroying the productivity and 
utility of millions of acres and adding 
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annually to a bankrupt domain which is 
becoming an increasing burden upon 
counties, states and the Federal Govern¬ 
ment. Such a way out is not pleasant 
to contemplate. The other alternative is 
to diagnose the situation, take full ac¬ 
count of the significance and the trend 
of destructive processes of soil wastage, 
increasing runoff and sedimentation of 
reservoirs and stream channels, to relate 
these to all types of practical land use 


within drainage basins and to control 
and reduce these processes to a rate as 
nearly as may be practicable to the rates 
that existed when white men found so 
much of tlie country covered with un¬ 
broken vegetation. 

At the Crossroads 

The nation may as well realize now 
that it has a land crisis on its hands— 
the problem of man-accelerated soil 
erosion, and that every stroke of work 


performed in opposition to this evil adds 
value to our most basic resource—that 
resource which offers the last safe refuge 
for numerous families thrown out of 
employment through increased use of 
machinery, and that resource which 
after all is Ihe principal security behind 
our national investments, our national 
safety and our national future. Beyond 
this most acute crisis of the whole land 
problem, the country may as well recog¬ 


nize now the physical fact, not an ex¬ 
pression of opinion, that there can be no 
cure of floods or prevention of stream 
and reservoir silting until runoff is bet¬ 
ter controlled, all the way from the 
crests of ridges down across the water¬ 
sheds where floods originate and silt 
loads are picked up, on to the very 
ehannelways of streams, which like 
other conduits have limitations upon 
their carrying capacity. 

Over many millions of acres a long 



VIOLENT EROSION IN A STEEP, CULTIVATED APRICOT GROVE 
OF SOUTHERN CALIFORNIA 

THE RESULT OP A HEAVY RAIN ON FEBRUARY 23, 1934. THE LOSS OP SOIL PER ACRE AMOUNTED TO 

400 tons. There was no erosion on the same farm where land of the same declivity 
was protected with native vegetation, not overgrazed. 
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WIDENING CHANNEL OP PUEBLO COLORADO WASH 

INCREASING FLOOD WATER RUSHING DOWN FROM THE DENUDED OVERGRAZED RANGES IS STEADILY 
CUTTING AWAY THE RICH ALLUVIAL DEPOSITS OF THIS VALLEY, THE FORMATION OF WHICH TOOK 
THOUSANDS OF YEARS. Jt'HT ABOVE THE TRADING POST OF UANADO, NAVAJO INDIAN RESERVATION, 

Arizona. 



FOBMER GRAZING LAND 

REDUCED TO ESSENTIAL STERILITY BY EROSION FOLLOWING OVERGRAZING, AT BaNASTEE, NEW 

Mexico, Navajo Indian Beservation. The soil and subsoil have been washed off down 
to “alkali” material, on which it is extremely difficult to induce anything to grow. 
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VEGETATION ON ALLUVIAL BOIL 

OF A TRIBUTARY TO SAN SlMON WASH, GRAHAM COUNTY, ARIZONA. THIS AREA HAS BREN PRO¬ 
TECTED AND REPRESENTS AN APPROXIMATION OP THE ORIGINAL CONDITION OF VEGETATION, SUCH AS 
CHARACTERIZED SAN SlMON VALLEY PRIOR TO THE CUTTING OUT OF THE IMMENSE WASH EXISTING 
THERE NOW—SINCE THE ARRIVAL OF THE WHITE MAN WITH HIS HERDS OF LIVE STOCK THAT OVER¬ 
GRAZED THE UPLANDS. 



ERODED CONDITION FOLLOWING OVERGRAZING 

San Simon Valley, Graham County, Arizona, This area, now essentially destroyed, 

WAS FORMERLY COVERED WITH A THICK COVER*OF VEGETATION LIKE THAT IN THE UPPER PHOTO¬ 
GRAPH. 
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time was required to strip off the highly 
absorptive topsoil, down to stiff clay of 
low absorptive capacity; but now that 
this has been accomplished, and since 
the surface layer is rapidly being re¬ 
moved from additional millions of acres, 
the battle is definitely on, and with no 
secure second lines upon which to fall 
back. 

We have a tremendous area of land in 
this country, but it is not all good land. 
Unfortunately, the remaining areas of 
good agricultural land are being cut into 
at a rate of probably considerably more 


down gullies, creeks and rivers in the 
direction of the oceans. We have not 
stopped to consider that the material 
discoloring these unleashed waters con¬ 
sists of soil or that this material is de¬ 
rived chiefly from the surface of the 
ground, where lies the richest part of 
the land. Probably also most of us have 
not considered a number of other perti¬ 
nent matters relating to this never- 
ending process. Have we considered, 
for example, the fact that the average 
depth of humus-charged surface soil 
over the uplands of the United States is 



CONTOUR FURROWING 

TO CHECK EROSION OF OVERORAJ5ED PASTURE ON SOIL EROSION PROJECT, WATERSHED OF ELM CREEK, 

central Texas. Photographed in 1934. 


than 100,000 acres destroyed every year 
and a much larger area sorely impover¬ 
ished by the effects of sheet-washing 
proceeding with every rain heavy 
enough to cause water to run down 
across unprotected cultivated and over- 
grazed slopes. Most of us have seen the 
process in action, although without 
understanding it, and, therefore, with¬ 
out being concerned about it. Pew have 
undertaken to interpret the phenome¬ 
non witnessed after every summer rain 
in the form of muddy waters' coursing 


only about seven or eight inches ? Have 
we considered the further fact that be¬ 
neath this surface layer, the building of 
which required the best efforts of na¬ 
ture ’s soil-forming processes over pe¬ 
riods of thousands of years, generally 
lies raw clay subsoil which is not soil 
but the material from which soil is 
made, not in a few years but across the 
centuries? Have we been concerned 
that this exposed subsoil not only is 
from two to more than ten times less 
productive, generally, than was the cor- 
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KK'II BLACK LOAM 

AND THE ( OHN ON IT HlHtJKl) 4 FEET DEEP IN 
PLACES BY SAND WASHED OUT OF A NEARBY 
OULLY DURING A SINGLE SEASON. HOOT RlVEK 

Valley, Houston County, Minnesota. 

responding topsoil; that it is more im¬ 
pervious to rainwater, is more difficult 
and costly to plow, and, what is exceed¬ 
ingly serious, that it is more erosive 
usually than the sponge-like surface 
layer? With most of us the answer un¬ 
fortunately is a very decidedly negative 
one. 



ROCK-PILL LAM 

WITH ROCK SAUSAGE CAP CONSTRUCTED BY SOIL 

Erosion Service in Hawk Hollow Wash, 
Graham County, Arizona, in 1934. 


Few people (scientist, economist or 
layman) know that it is at the stage of 
progressive erosion, marking the re¬ 
moval of the topsoil (the farmers’ prin¬ 
cipal capital) that gullying usually sets 
in, or that gullying represents the be¬ 
ginning of the death stage of land—its 
final and complete destruction. This 
important fact, and many others, the 
average person knows little about. 

Control of Erosion an Unavoid¬ 
able Necessity 

Control of erosion is the first and 
most essential step in the direction of 
correct land utilization on something 
like 75 per cent, of the cultivated (and 
cultivable) area of the nation. If the 
soil is permitted to wash to a condition 
equivalent to skeletonized land, as has 
happened already over something like 
85 million acres formerly cultivated, 
there will be nothing left to save. Fail¬ 
ure to curb this insidious process will 
effectively and disastrously take care of 
all aspects of the land problem in nu¬ 
merous localities, both physical and 
economic; and after this deluge of 
waste, nature, in numerous instances at 
any rate, can do as good a job as man 
with the rehabilitation of the hopelessly 
devastated areas through the instru¬ 
mentality of whatever vegetation comes 
in spontaneously. 

It seems scarcely necessary to add 
that whatever our inclinations may be, 
whatever opinions, conclusions or com¬ 
plexities our round-table, institute and 
academic discussions may lead us to, 
here assuredly is a physical job—the job 
of curbing erosion—that must be per¬ 
formed if the nation is to avoid early 
arrival at an inconceivably bad land 
situation. The Union of South Africa 
has reached this conclusion and is now 
busily engaged in an attack against the 
devastating erosion of that country, em¬ 
ploying a plan of procedure very much 
like that developed by the Soil Erosion 
Service (as described below). The 
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Italian Government in engaged in an 
enormous land reclamation and conser¬ 
vation program—the Bonifica Integrale 
—the cost of which has been estimated 
at $500,000,000. Japan for many years 
has been spending many times the value* 
of numerous critically eroding areas in 
order to protect indispensable valley 
lands from the silt issuing from such 
sore spots. The United States can no 
more afford to neglect any further this 
gigantic problem of waning soil produc¬ 
tivity than Hoi^li Africa or Japan or 
Italy, for the vjj^feimple reason that we 
are depleting " our farm and grazing 
lands at a rate probably exceeding that 
taking place on any other important 
part of the globe. 

Average Urop Yields Not 
Increasing 

Regardless of our highly successful 
results with breeding more productive 
strains of crops and the introduction of 
new and better varieties from the ends 
of the world; in spite of the improved 
cultivation performed with more and 
better machinery, the increased practise 
of soil-building rotations and the grow¬ 
ing of more soil-improving plants, the 
largely increased use of fertilizers and 
plant disinfectants; and further, in 
spite of all the education provided 
through our agricultural colleges, agri¬ 
cultural societies, clubs and institutes, 
soil surveys, economic surveys, experi¬ 
mental and extension services, farm 
journals, the press, thousands of books 
and millions of bulletins, with frequent 
prizes for the best producers, our 
nation-wide yields have not increased — 
rather they have decreased in the in¬ 
stances of some of our major crops. For 
example, the annual acreage yield of 
corn for the ,10-year period from 1871 
to 1880 was 27.04 bushels per acre; 
whereas, for the 10,-year period from 
1921 to 1930 the corresponding acreage 
production was 28.13 bushels, % or a re¬ 
duction of approximately one bushel an 


acre. That the maximum and minimum 
yields for single years during the for¬ 
mer period were higher, respectively, 
than the maximum and minimum jdelds 
of the latter period indicate that the 
comparisons are significant. 

When it is considered that corn grow¬ 
ing has not been pushed onto the margi¬ 
nal and submarginal lands of semi-arid 
regions upon any extensive scale, and 
that the crop has not suffered from any 



EROSION MONOLITHS 


in Providence Cave, Stewart County, Geor¬ 
gia. These lofty pinnacles are remnants of 
a former highly productive cotton field. 
They stand in a gully which was begun by 

THE DRIP FROM THE ROOF OF A BARN, ABOUT 
FIFTY YEARS AOO. TlIE GULLY HAS CUT DOWN 
200 FEET AND HAS SWALLOWED UP THE BARN, A 
SOHOOLHOU8E, A GRAVEYARD AND SEVERAL TEN¬ 
ANT HOUSES. Tn THE COUNTY WHERE THIS 
PICTURE WAS TAKEN 70,000 ACRES OF LAND, ONCE 
HIGH-GRADE FARM LAND, HAVE BEEN PERMA¬ 
NENTLY DESTROYED BY UNCONTROLLED EROSION. 

Every acre of this could have been saved. 
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far-reaching, devastating insect or dis¬ 
ease scourges, it is impossible to reach 
any other than the definite conclusion 
that erosion has thwarted our stupen¬ 
dous technical, educational and practical 
efforts to increase the yield of this crop. 

A Major Effort at Erosion 
Control 

During the latter part of 1933 the 
Soil Erosion Service was set up as a new 
branch of the Interior Department, with 
an allotment of $10,000,000 from Public 
Works Administration for the purpose 
of demonstrating the practical possibili¬ 
ties of curbing erosion and its allied 
evils of increased floods and costly silt¬ 
ing of stream channels and reservoirs, 
operating within the various important 
geographic and agricultural regions 
where these evils are knovn to consti¬ 
tute major problems in connection with 


the use of the nation's resources of land 
and water. The general plan of pro¬ 
cedure, as suggested by the President, is 
to treat complete watersheds within 
which the principal regional types of 
soil, average regional topographic condi¬ 
tions and representative regional sys¬ 
tems of agriculture are found. The 
individual size of these watersheds, of 
which 21 are now under treatment in 20 
states, ranges from 25,000 to 200,000 
acres. The accompanying map shows 
the location of these watershed areas, 
and that of the huge project covering 
the Navajo Indian Reservation in Ari¬ 
zona, New Mexico and Utah; as well as 
several other projects and proposed 
projects of an experimental-demonstra- 
tional character. Altogether, the Soil 
Erosion Service is now actively engaged 
in combatting erosion and its associated 
evils of stream and reservoir silting, in- 



SOIL WASHED DOWN OVER A SNOWBANK 

BY THE MELTING OF 8NOW ON SUMMER-FALLOWED LAND ABOVE, IN THE PALOUSE REGION, SOUTH¬ 
EASTERN Washington. 
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SEVERE EROSION ON SUMMERS ALLOWED UPPER SLOPE 

BY MELTING SNOW, WITH NO EROSION IN OLD WHEAT STUBBLE BELOW, IN THE PALOUSE WHEAT 

Belt, Washington State, 1934. 


creasing floods, social disorganization 
and wild-life depletion, on approxi¬ 
mately 27 million acres located in 27 
states. 

Plan op Procedure 

The method of attack is essentially a 
coordinated plan of correct land use. 
This plan involves not only the use of 
direct methods of retarding erosion 
(which necessarily calls for retardation 
of runoff by increasing absorption of the 
rainfall), but the use of indirect meth¬ 
ods, such as the retirement from culti¬ 
vation of steep, highly erosive areas 
from which accelerated runoff (resulting 
from incorrect land usage) descends 
with destructive effect'upon lower-lying 
cultivated areas. Such retired critically 
vulnerable lands are being planted with 
thick soil-holding crops, as trees, grass, 
alfalfa, lespedeza, sorghum and clover. 

Part of the cultivated land is being 
protected with the new system of strip¬ 
cropping, under which the clean-tilled 
crops, such as cotton, com and tobacco 


(the real producers of erosion) are being 
grown between parallel bands of grass, 
lespedeza, sorghum and other dense 
crops planted across the slopes, on the 
level, i.e.y along the contours. These lat¬ 
ter crops catch rainwater flowing down 
the slopes, spread it out and cause the 
suspended soil to be deposited and much 
of the water to be absorbed by the 
ground, thus protecting the crops grow¬ 
ing on the plowed strips below. On cer¬ 
tain slopes strips of permanent protec¬ 
tive cover will be planted according to 
the French system, using trees, shrubs 
and vines. Here is an opportunity to 
make advantageous use of nut trees, 
persimmon, honey locust (producing 
feed for livestock), briar crops and 
other plants of economic value. It is 
hoped that it may be possible on some 
of the project areas to employ the Ecua¬ 
dorian system of protecting steep slopes 
by bordering the down-hill sides of rec¬ 
tangular fields with soil-holding hedges. 
Field terraces (embankments ad- 
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justed to the contours) are being em¬ 
ployed where applicable, and in some 
localities it is planned to scarify certain 
types of land (especially summer-fal¬ 
lowed ground) with a machine which 
scoops out 10,000 basin-like holes to the 
acre, each of which retains about five 
gallons of rain, causing it to sink into 
the ground where it falls (machines for 
this purpose are now being manufac¬ 
tured). Soil-conserving crop rotations 
are being practised, and cover erops and 
other control measures are being em¬ 
ployed. 

Every farm is sunned in advance of 
actual work, by specialists of the local 
erosion staff. Soils, slopes and extent of 
erosion are plotted on accurate maps. 
With the aid of this, the farmer and 
erosion specialists go over the farm¬ 
stead, study it in detail . nd on the 
ground plan a course of procedure by 
assigning each acre to a particular use, 
in accordance with its needs, adaptabil¬ 
ity and appropriate place in a carefully 
planned coordinated land-use program 
for that particular farm. The work is 
carried out on a strictly cooperative 
basis with the farmers. (Generally the 
latter are enthusiastically supporting 
every phase of the program. On some 
of the projects more than 95 per cent, 
of the farmers are going along with the 
program of the erosion specialists, agree¬ 
ing to far-reaching reorganization of 
their fields and farm procedures. For 
example 4 , on numerous farms fences are 
being relocated so as to permit contour 
cultivation, terracing, strip-cropping, 
the inauguration of soil-building rota¬ 
tions and the planting of the more vul¬ 
nerable slopes to grass, trees, etc. Such 
hearty cooperation, it is believed, insures 
the success of the program. By putting 
through these initial educational water¬ 
shed projects in a highly impressive 
manner, it is felt that it will then be 
possible to extend the work to all areas 
through the activities of the Soil Ero¬ 
sion Service, the Extension Service, the 


colleges of agriculture and other or¬ 
ganizations. 

First Coordinated Erosion- 
Control Effort 

Here is the first attempt in the his¬ 
tory of the country to put through 
large-scale, comprehensive erosion and 
flood control projects, such as apply to 
complete watersheds from the very crest 
of the ridges down across the slopes to 
the banks of streams and thence to their 
mouths. These are not engineering 
projects or forestry projects or cropping 
projects or soils projects or extension 
projects, but a combination of all these, 
operated conjointly with such reorgani¬ 
zation of farm procedure as the charac¬ 
ter of the land indicates as being neces¬ 
sary. This procedure is based on the 
best information in the possession of 
scientific agriculturists: agronomist, for¬ 
ester, range specialist, soil specialist, 
erosion specialist, agricultural engineer, 
economist, extension specialist, game 
specialist and geographer. It is the ap¬ 
plication of accumulated knowledge 
pertaining to the great multiplicity of 
variables affecting the 8-phase process 
of absorption, runoff and erosion, em¬ 
ployed not as single uncoordinated 
implements of attack, but collectively, 
according to the needs and adaptability 
of the land, in a combination of in¬ 
tegrated control measures, supplemented 
by new information accruing from the 
experience of combat. No such coordi¬ 
nated attack has ever before been made 
against the evil of erosion in this coun¬ 
try. The plan was worked out largely 
on the basis of the writer’s many years 
of experience in the study of soils and 
of land-use procedure in the United 
States, the West Indies and Central and 
South America; plus the experiences of 
other specialists familiar with the land 
and its utilization. Considering the 
physical, economic and social factors in¬ 
volved, it is believed there is no other 
possible practical method of ever ftiak- 
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BE8EBVOIR FILLED WITH EBOSIONAL DEBRIS 

TO THE TOP OP THE DAM (BUT NOT TO THE TOP OF THE FLASHBOARD EXPEDIENT ON TOP OF THE 
STONE MASONRY FOR MAKING SOME LAST, SHORT-PERIOD USE OF THE COSTLY STRUCTURE), 

Pacolet River, 7 miles north of Spartanburg, South Carolina. 


ing any effective headway against this 
vicious problem (1). Even if the govern¬ 
ment owned the land, it would still have 
to be used over large areas in the pro¬ 
duction, of crops and for grazing; and 
here again precisely the same physical 
problems would have to be met and con¬ 
quered, an eventuality that unavoidably 
precedes all other consideration relating 
to correct land use. 

Examples of Procedure 
In the Wisconsin erosion project 
(covering Coon Valley, near La Crosse), 
for example, some of the steep timbered 
areas, now eroding because of excessive 
grazing, are being taken out of use and 
given complete protection in order to 
stop the excessive runoff of rainwater, 


which has been speeding down across the 
cultivated slopes, ripping them to pieces 
with gullies or planing off the more fer¬ 
tile topsoil. Grass is being restored to 
these protected forest areas, and where 
the trees are too thin other trees are 
being planted. Small plantings and 
seedings are being made that furnish 
feed and cover for quail and ruffed 
grouse. Eventually, with increased 
stocks of these fine game birds, saved 
from starvation during prolonged pe¬ 
riod^ of snow, as was done last winter, 
sportsmen will come from Milwaukee, 
St. Paul, Chicago and other places to 
pay the farmer for the privilege of hunt¬ 
ing in his timbered lands. 

Below the forested land, the steep 
slopes now washing, rapidly to a condi- 
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AIR PICTURE OF APPROXIMATELY 1,000 ACRES 


SHOWING BOTH GULLY AND SHEET WASHING. ALL THE TIMBERED LAND WAS FORMERLY CULTI¬ 
VATED AND THEN ABANDONED BECAUSE OP EROSION. THE TREES (DARK COLORED AREAS) ARE 
SECOND-GROWTH PINE (OR THIRD- OR FOURTH-GROWTH PINE, DEPENDING ON HOW MANY TIMES THE 
LAND HAS BEEN CLEARED, CULTIVATED AND RE-ABANDONED). MOST OF THE LAND IB NOW ESSEN¬ 
TIALLY RUINED AND CAN BE PUT TO USEFUL PURPOSE ONLY THROUGH TREK AND GRASS PLANTING. 

South Tyger River Project of Soil Erosion Service, near Spartanburg, South Carolina. 


tion of low productivity are being taken 
out of the clean-tilled crops and put into 
permanent pasture to furnish the graz¬ 
ing that formerly was provided by the 
timbered areas. The grazing capacity 
of the farms is not thus increased or 
materially decreased, but the crop area 
is cut down to some extent. Better pro¬ 
tection of the cultivated land from ero¬ 
sion will largely make up for this reduc¬ 
tion, by way of higher acreage yields. 

On the 150,000-acre watershed erosion 
project on Big Creek in north-central 
Missouri, extending into south-central 
Iowa, a report of progress submitted by 
the regional director of the soil erosion 


work, under date of June 23, 1934, in¬ 
cludes the following highly pertinent 
statement with respect to accomplish¬ 
ment (work having begun on this area 
in the spring of 1934): “At this time we 
have 401 cooperative agreements signed 
up with the farmers of the Big Creek 
project, and over 63,000 acres of land 
under contract for a coordinated plan of 
erosion treatment. We have been suc¬ 
cessful in reducing the corn acreage over 
the next 5-year period by more than 37 
per cent, on these farms. We have cut 
the acreage of land where corn follows 
com for a second year (a very bad prac¬ 
tise) more than 54 per cent. We tave 
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very materially increased the acreage of 
pasture. We are planning an intensive 
program on pasture improvement, be¬ 
ginning this fall and continuing into 
next spring. While weather conditions 
have been quite unfavorable, it is felt 
that very good progress has been made 
to date. 

Thus, all indications point to success¬ 
ful achievement with these coordinated, 
educational programs of erosion control 
—which, it should be emphasized in con¬ 
clusion, are of an experiment al-demon- 
strational nature, and which, by reason 
of the necessary procedures involved 
with the accomplishment of a complete 
job, extend beyond the mere task of con¬ 
trolling erosion. 

(1) It seems unfortunate that some singlc- 
idened (or perhaps under-experienced) special¬ 
ists still insist that this powerful agency of ac¬ 
celerated erosion can be overcome through the 
use of single implements of attack. With the 
pages of experience laid open to eyes that see 
over millions of acres of land ruined for crop 
use and more millions impoverished, and with the 
wastage proceeding faster than ever, it is dis¬ 
couraging to hear these specialists contend, for 
example, that erosion can be controlled aolely 


with terracing (embankments of earth adjusted 
to land contours). Most specialists understand 
clearly that torracing is a very useful method 
of assisting with erosion control (see “A Pro¬ 
posed System of Erosion Control, Agrwul- 
tural Engineering, V. 14, No. 6, June, 1933, 
pp. 150-151, by H, D. Sexton and E. G. 
Diseker). The system was devised about a 
hundred years ago in the southeastern United 
States and extensively employed, in several 
modifications, in that section, often with excel¬ 
lent results. In spite of the usefulness of the 
method, where properly applied, several million 
acres on which it was employed have, neverthe¬ 
less, been abandoned because of continuing 
erosion. Borne forty years ago Priestly Mangum 
developed on his farm near Wukc Forest, North 
Carolina, a broad-base terrace which was a de¬ 
cided improvement over the older narrow type. 
This improved type, the Mangum terrace, has 
been extensively used since its development in 
various parts of the Southeast, and more re¬ 
cently i it has come into quite extensive use in 
Texas, Arkansas and Oklahoma. Even the 
Mangum terrace, however, has not, where used 
alone, succeeded in controlling erosion, except 
on rather gently sloping land, although it lias 
accomplished much good in slowing down the 
washing, especially where used on slopes not 
steeper generally than about 6 or 7 per cent. 

Obviously, it is impossible completely to con¬ 
trol erosion, a process that begins wherever 
rainwater contacts bare sloping ground, with 
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any implement which does not cover the entire 
surface. In other words, erosion goes on be* 
tween the terraces, as well as on sloping soil 
exposed between any other installations of con¬ 
tour measures. Boil washes from below the 
upper torraice embankment to lodge against the 
next embankment below, where, according to 
common practise, it is plowed up and partly 
dumped over the ombankment to renew its jour¬ 
ney in the direction of tidewater. In this con¬ 
nection it might be added that we have recently 
been furnished with results of measurements of 
soil loss from terraced areas, misinterpreted as 
representing the entire acreage losses for the 
entire terraced field. Such reported Losses were 
measured by collecting samples of the runoff, 
and its contained silt, at the ends of terrace 
embankments. The fallacy of presenting such 
results as measurements of acreage losses from 
entire fields is obvious. The simple facts in¬ 
volved are that the measurements represent 
only the soil that passes out of the field at the 
end of the terrace, leaving out of account en¬ 
tirely the much greater bulk of material washed 
from the upper slope of the inter-terrace area 
down to the l-ower slope, or into the terrace 
channel, where it is temporarily lodged and 
then passed on down the slope through the 
operations of “terrace maintenance ’'—as 
much lost, in so far as its place of origin is 
concerned, as if immediately dumped into the 
sea (since it is uneconomical under the Ameri¬ 
can system of extensive agriculture to haul it 
back into the field). Of course, the temporary 
lodgement of productive soil material against 
any obstacle keeps it in the field, or on part ox 
the field, for a while, and so gives some tempo¬ 
rary benefit. 

Still other features relating to this useful 
method of combatting erosion should be seri¬ 
ously considered before making indiscriminate 
use of it, otherwise more damage than good 
may result. The terraces must be accurately 
laid out and properly built, as u matter of 


course; but what is just as important is that 
they should be limited in their application, 
when used alone, to comparatively gently slop¬ 
ing areas, for the reason that on steep land 
larger embankments are required generally and 
the distance between them must bo narrowed. 
Accordingly, so much of the fertile topsoil of 
the inter-terrace area goes into the building of 
the embankment that the land from which this 
surface material is removed is left poorer, 
where the soil depth is shallow, than it was, or 
is likely to be in some instances for generations 
to come. It must be remembered, too, that in 
building a terrace the slope is increased quite 
sharply along the lower side of the embank¬ 
ment, and accordingly susceptibility to erosion 
is increased at this critical point, unloss stabili¬ 
zation is effected with some dense cover of 
vegetation, as grass. 

But when we begin to support one measure 
with another, especially when we make use of 
nature's most powerful agency of controlling 
erosion—densely growing vegetation—as in the 
instance of stabilizing the vulnerable lower side 
of a terrace embankment with grass, we have, 
in that sensible acceptance of a supplemental 
agency, ceased to be advocates of a false prac¬ 
tise—the practise of fighting erosion solely 
with a single implement, whether it be terrac¬ 
ing, strip-cropping or what. It should be 
pointed out, of course, that, when the ground 
is completely covered with good stands of grass 
or trees or other dense types of vegetation, 
then with a single implement we may have 
complete or very nearly complete control of 
erosion (see charts, Trans. Am. Geophysical 
Union, Nat'l. Research Council, pt. 2, pp. 474- 
88, 1934, showing comparative soil losses from 
clean-tilled land and land covered with grass 
or trees). This paper, however, deals primarily 
with erosion on cultivated land, where the entire 
area can not be covered with such control 
measures. 



PROLONGING THE LIFE SPAN 


By Dr. C. M. McCAY and MARY F. CROWELL 

ANIMAL NUTRITION LABORATORY, CORNELL UNIVERSITY 


The preservation of life, the defending of the 
human body from decay, and of rendering it a 
fit tenement for the soul to inhabit, in that sea¬ 
son in which she is most capable of exerting her 
noblest faculties, are grave and serious subjects 
with which no trivial matters ought to mingle. 

—Hermippus Medivivus. 

In this day when both children and 
animals are being fed to attain a maxi¬ 
mum growth rate, it seems little short of 
heresy to present data in favor of the 
ancient theory that slow growth favors 
longevity. A hundred years ago when 
men first became conscious of the need 
for the accessory factors which we now 
term vitamins, the field of nutrition was 
broad. Students attempted to study the 
requirements of both adult and growing 
animals. To-day research has tended to 
narrow into a channel of primary inter¬ 
est in the young, growing animal. In¬ 
terest is centered on the growth and 
apparent health of this animal. After it 
becomes an adult it is no longer an 
“apple of the eye” of the nutritionist, 
but primarily a carcass that provides 
dissecting material for the pathologist. 
The nutrition student is too busy pour¬ 
ing vitamins, minerals and proteins into 
the young and growing to be much con¬ 
cerned with the grown. 

The philosophy which dominates the 
field of nutrition assumes that a young 
animal which grows rapidly is the ideal 
for maximum health both during the 
growing period and during adult life. 
This philosophy has developed under the 
influence of several stimulants. In the 
first place, a young animal such as the 
white rat, which is the central interest 
in most nutrition laboratories, grows to 
maturity in about, three months. Studies 
of the growth of this animal provide 


opportunities for numerous discoveries 
in the course of a short-time period. 
Technical journals are cluttered to-day 
with thousands of reports concerning 
the growth of the white rat. But if one 
tries to discover the length of life of this 
widely used animal, he will not find five 
good reports in the entire literature. 

A second stimulus to this interest in 
the growing animal and disregard of the 
adult is due to the public interest in the 
young and growing. The healthy adult 
is a matter of little interest, even to him¬ 
self, and the sick one usually rates as a 
pest. This philosophy belongs properly 
to the butcher. Every producer of meat 
animals wants to rear them rapidly be¬ 
cause it is economical. These animals 
are killed as soon as they mature. What 
agricultural expert can tell the effect of 
the feeding during the growth period 
upon the milk-producing capacity of a 
cow during her entire life? What 
chicken specialist can tell the effect of 
the rate of growth of the chicken upon 
the egg production of the laying henf 
Who can tell you the effect of the rate 
of growth of a child upon its susceptibil¬ 
ity to disease during adult life? Who 
can give assurance that the child that 
matures rapidly will not die after a 
short life span? 

A third stimulus whose importance 
may be overlooked is that of commercial 
advertising. While preparing this note 
I selected at random one of the copies of 
the Journal of the American Medical 
Association, which is published weekly. 
More than a fifth of the advertising in 
this journal was devoted to fortified 
foods for children, chiefly for defenseless 
babies that are more or less easily 
coerced into engulfing various vitamin 
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concentrates. It must be possible to 
market such products. Who can esti¬ 
mate the effectiveness of such constant 
advertising in the Journal of the Ameri¬ 
can physician in creating and moulding 
his philosophy and his recommendations 
in feeding children? Is it any wonder 
that the pediatrician has become an ad¬ 
vocate of rapid growth ? Even the 
manufacturer of scales does his part by 
buying space in this same professional 
journal in order that no one shall 
neglect to keep his child up to date in 
weight. Thus has been created an en¬ 
thusiasm for growth and growth stimu¬ 
lants. And what profit in dollars can be 
made from any other philosophy ? 

Before becoming involved in experi¬ 
ments and data it may be well to refer 
briefly to three philosophers. In his 
treatise upon the generation of animals 
Aristotle states: 

The period of gestation is as a matter of fact 
determined generally in each animal in propor¬ 
tion to the length of its life. This we should 
expect, for it is reasonable that the develop¬ 
ment of the long lived animals should take a 
longer time. 

If we turn to the Opus Majus of 
Roger Bacon (1214-1294) we read: 

Another example can be given in the field of 
medicine in regard to the prolongation of hu¬ 
man life, for which the medical art has nothing 
to offer except the regimen of health. But a 
far longer extension of life is possible. At the 
beginning of the world there was a great pro¬ 
longation of life, but now it has been shortened 
unduly. 

Further in this same work we read: 

Therefore in regard to this we must strive, 
that the wonderful and ineffable utility and 
splendor of experimental science may appear 
and the pathway may be opened to the greatest 
secret of secrets, which Aristotle has hidden in 
his book on the Regimen of Life. For although 
the regimen of health should be observed in 
food and drink, in sleep and in wakefulness, in 
motion and in rest, in evacuation and retention, 
in the nature of the air and in the passions of 
the mind, so that these matters should be prop¬ 


erly cared for from infancy, no one wishes to 
take thought in regard to them, not even physi¬ 
cians, since we see that scarcely one physician 
in a thousand will give this matter even slight 
attention. Very rarely does it happen that any 
one pays sufficient heed to the rules of health. 
No one does so in his youth, but sometimes one 
in three thousand thinks of these matters when 
he is old and approaching death, for at that 
time h£ fears for himself and thinks of his 
health. But he cannot then apply a remedy be¬ 
cause of his weakened powers and senses and 
his lack of experience. 

In another paragraph Roger Bacon 
continues : 

Since I have shown that the cause of a short¬ 
ening of life of this kind is accidental, and 
therefore that a remedy is possible, I now re¬ 
turn to this example which I have decided to 
give in the field of medicine, in which the power 
of medical art fails. But the experimental art 
supplies the defect of medicine in this particu¬ 
lar. For the art of medicine can give only the 
proper rules of health for all ages. For al¬ 
though noted authors have spoken inadequately 
concerning the proper regimen of the aged, it 
has been possible, however, for medicine to give 
such a regimen. This regimen consists in the 
proper use of food and drink, of motion and 
rest, of sleep and wakefulness, of elimination 
and retention, of the air, and in the control of 
the passions of the mind. But if from birth a 
man followed a proper regimen to the end of 
his life he would reach the limit of life set by 
God and nature, in accordance with the possi¬ 
bility of a proper regimen. But since it is 
impossible for this regimen to be followed by 
any one, and since few, nay, scarcely any one 
ut all, from youth pay any heed to this regimen, 
and very few old people observe it as it is pos¬ 
sible, therefore the accidents of old age of 
necessity come before old age and senility, 
namely, in the period of the prime of life, which 
is the age of human beauty and strength. In 
these times this period of life does not continue 
beyond forty-five or fifty years. 

This scientist and monk of the middle 
ages continues: 

Not only are remedies possible against the 
conditions of old age coming at the time of 
one's prime and before the time of old age, but 
also if the regimen of old age should be com¬ 
pleted, the conditions of old age and senility 
can still be retarded, so that they do not arrive 
at their ordinary time, and when they do tome 
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THESE TYPICAL BATS ARE BOTH 900 DAYS OLD 
The one on the left grew rapidly AND “NORMALLY ' 9 TO maturity while the physiologi¬ 
cally YOUNG ANIMAL ON THE RIGHT WAS RETARDED IN GROWTH AND FORCED TO MATURE SLOWLY. 


they run be mitigated and moderated, bo that 
both by retarding and mitigating them life may 
be prolonged beyond the limit, which according 
to the full regimen of health depends on the 
articles mentioned. And there is another 
farther limit, which has been set by God and 
nature, in accordance with the property of the 
remedies retarding the accidents of old age and 
senility and mitigating their evil. The first 
limit can be passed but the second cannot be. 

As every one is well aware, this useful* 
ness of the experimental method in at¬ 
tacking the problems of longevity re¬ 
mained unheeded, as it has to this hour. 
A few hundred years after these words 
of Roger Bacon we read the statements 
of Lord Francis Bacon (1561-1626): 

We make the third part of medicine Tegard 
the prolongation of life; this is a new part, and 
deficient, though the most noble of all; for if 
it may be supplied, medicine will not then be 
wholly versed in sordid cures, nor physicians be 
honored only for necessity, but as dispensers of 
the greatest earthly happiness that could well 
be conferred on mortals for though the world 
be but as a wilderness to a Christian travelling 
through it to the promised land, yet it would be 
an instance of the divine favor, that our cloth¬ 
ing, that is, our bodies, should be little worn 
while we sojourn here. And as this is a capital 
part of physic, and as we note it for deficient, 
we shall lay down some directions‘about it. 


In the light of our experimental data 
which follow, six of these rules of Lord 
Bacon may prove interesting: 

(1) The cure of diseases requires temporary 
medicines but longevity is to be procured by 
diets. 

(2) It seems to be approved by experience 
that a spare and almost Pythagorean diet, such 
as is proscribed by the stricter orders of monas¬ 
tic life or the institutions of hermits, which 
regarded want and penury as their rule, pro¬ 
duces longevity. 

(3) Animals which come later to perfection 
(I am not speaking of growth in stature only 
but of the other steps to maturity as man puts 
out first his teeth, then his signs of puberty, 
then his beard, etc.) are longer lived for it indi¬ 
cates that the periods return in wider circles. 

(4) To grow long and slowly is a sign of 
longevity and the taller the stature the better 
the sign. But on the other hand, rapid growth 
to a great stature is a bad sign but to a shorter 
stature less bad. 

(5) I would have men duly to observe and 
distinguish that the same things which conduce 
to health do not always conduce to longevity. 

(fi) Again there are other things very bene¬ 
ficial in prolonging life yet that are not with¬ 
out danger to the health unless guarded against 
by proper means. 

Finally before considering data it is 
worth noting some statements from a 
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more modem' work, ‘ 4 La Philosophic et 
la Longevity,” of Jean Finot. In 1906, 
just as the extensive modern interest in 
vitamins was taking form, Finot wrote: 

Here is a fact in another type of idea, -which 
has cost the lives of millions of men. From 
many observations we have learned that the 
vitality of the world \s animals is in direct rela- 
tion to the duration of adolescence. The more 
the period of adolescence is extended, the more 
that of maturity is increased. All the educa¬ 
tion and instruction given to children is in vio¬ 
lent contradiction to this law. All our efforts 
tend to the most rapid advancement toward 
physical and intellectual maturity. 

As we enter the contemporary field of 
experimental science we need not bo sur¬ 
prised that real data bearing upon the 
problems of longevity are almost as 
scarce as they were in the time of Aris¬ 
totle or Roger Bacon. 

In 1917 Osborne and Mendel 1 re¬ 
ported an experiment in which they at¬ 
tempted to prolong the lives of rats by 
retarding the growth. They found the 
reproductive activities of these rats ex¬ 
tended to a greater age in the females, 
but unfortunately their rats died of dis¬ 
ease before they determined the effect of 
retarded growth upon the life span. In 
1917 Northrup 2 presented data with 
fruit-flies showing the entire life cycle 
was extended if you increased the larval 
period by inadequate feeding. The en¬ 
tomologist has long been aware that the 
total life cycle is prolonged by slowing 
down one of the stages of development. 

In 1928 Raymond Pearl 8 in his book 
on 44 The Rate of Living” showed the 
significant negative correlation between 
the rate of growth and duration of life 
of cantaloup seedlings. 

In our laboratory in 1927 an experi¬ 
ment. was designed to study the relation- 

i T. B. Osborne, L. B. Mendel and E. L. 
Ferry, Science, 45: 294, 1917. 

2 J. Northrup, Jour . Biol. Chem ., 32: 123, 
1917. 

8 B. Pearl, “The Bate of-Living.'’ Chap. 7, 
1928. 


ship between the protein level in the diet 
of brook trout and the deficiency of an 
accessory factor we term 44 H” (to dif¬ 
ferentiate it from the vitamins required 
by higher animals). The diets for the 
series of groups of brook trout were all 
deficient in this essential vitamin, factor 
H. Therefore in the course of six 
months or less every trout was doomed 
to die. In addition to this vitamin defi¬ 
ciency, which was common in all diets, 
the amount of protein in the various 
diets was varied. One group received 10 
per cent, protein, another 25 per cent., 
another 50 per cent, and a fourth 75 per 
cent. To secure growth, a diet for brook 
trout must contain about 14 per cent, 
protein. In this experiment, all groups 
grew at about the same rate, except those 
upon the low level of protein. They 
failed to grow, but kept alive. However, 
the trout that grew died in about, twelve 
weeks. Those that failed to grow upon 
this low protein level lived twice as long 
as those that grew. Thus it was postu¬ 
lated by us in 1928 that something was 
consumed in growth that is essential for 
the maintenance of life. At a later date 
this experiment was repeated and again 
it was found that trout that grew lived 
about half as long as those that were re¬ 
tarded in growth if both were kept upon 
a deficient diet. 

While considering these studies with 
fish it may be well to review briefly the 
difference between the growth rates of 
fish and those of higher, warm-blooded 
animals. 4 If a young elephant in a zoo 
gained a pound in a day no one would 
be excited, but if the mouse that steals 
the elephant's food were to gain a pound 
a day it would be news. Therefore in 
considering the growth rate of any ani¬ 
mal it must always be considered in 
terms of the body weight of the individ¬ 
ual. Thus it can be stated better that 
the mouse and the elephant gain a given 
per cent, of their respective body weights 
4 C. M. McCay, Science , 77: 411, 1933. 
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FEMALE BATS AT THE AGE OF TWO YEAB8 AND EIGHT MONTHS 

Those above belonged to'Group l which obew to maturity rapidly. The physiologically 

TOUNG ONES BELOW ARE THE SAME AGE BUT THEY WERE RETARDED IN GROWTH AND MATURED LATE. 
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in a unit of time such as a da^ or month. 
In practise we determine such relation¬ 
ships automatically by plotting growth 
curves upon semi-logarithmic graph 
paper. Most higher animals from their 
early life in the uterus grow at a con¬ 
stantly decreasing rate. The baby tends 
to grow more rapidly than the boy of 
sixteen. This is not so with fish such as 
brook trout. In a given year during the 
growing season they maintain a constant 
growth rate. In other words, in each 
month the brook trout increases its 
weight by a constant per cent, of the 
body weight at the beginning of the 
month. If the entire life span of a 
brook trout is considered, however, it is 
found that the growth curve remains 
logarithmic during successive years. 
This curve is much steeper during the 
“fry” stage and during that of embry¬ 
onic growth than it is during the second 
and third years of life. Thus the trout 
really decreases its growth rate as it ages 
and does not afford an exception to the 
findings of Minot that warm-blooded 
animals decrease their growth rates as 
they become older. Not only is this 
growth rate logarithmic but it is much 


slower than that for a pig or a chicken. 
No one has published growth curves of 
warm-water fish for comparison, how¬ 
ever. Not much is known about the life 
span of fish, but it is well recognized 
that they are long lived. There is a rec¬ 
ord of a carp that lived 367 years, of a 
pike that lived 267 years. The authen¬ 
ticity of these records may be questioned, 
but it can be accepted that fish have long 
life spans. 

As the discovery that trout live 
longer when they fail to grow is re¬ 
viewed, the old law which Buffon (1707- 
1788) seems to have taken from Aris¬ 
totle is worth recalling. Buffon claimed 
that the time required for an animal to 
grow to maturity could be multiplied by 
6 or 7, and the resulting value would 
equal the life span. This law was dis¬ 
cussed at intervals in the course of the 
eighteenth and nineteenth centuries. 
To-day it seems pretty well forgotten by 
the biologists. This law is interesting 
because it states that the life span is 
directly proportional to the growing 
period of a young animal. This law was 
devised from a consideration of the 
growth rates of various species such as 
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man, camel, horse, cow and dog. It was 
not based upon data concerning individ¬ 
uals within a given species. This law is 
interesting because it suggests a possible 
method of extending the life span of an 
individual. It also makes one aware of 
the many animals of widely different life 
spans that are available for experiments. 
Thus man is fortunate in having a much 
greater span of life than mice, rats, 
guinea pigs, chickens, rabbits, cock¬ 
roaches and dogs. Within our reach is 
the possibility of determining the factors 
that set this limit to the life span or pos¬ 
sibly to discover that the fixed life span 
is fictitious. 

In order to test the assumption that 
an individual within a species that grows 
to maturity slowly will have a greater 
life span than one that grows rapidly, an 
experiment with white rats was de¬ 
signed. This species was selected because 
(1) its nutritional requirements are bet¬ 
ter defined than those of any other 
species. This has been the chief animal 
used in the laboratories for the past 
twenty years. (2) The white rat’s .span 
of life is about two years, normally. 
Therefore, an experiment would not 
need to extend over a period of more 
than five years. (3) The white rat is 
small enough so that large groups can be 
employed. Thus we can compensate for 
individuals that develop specific diseases 
that are not related to the experiment. 
(4) Numerous earlier studies had shown 
the white rat can be retarded in growth 
and still attain maturity. No marked 
stunting effect results from retarding 
the growth at least as far as any one has 
extended such retardation. (5) The 
white rat is similar to man in its nutri¬ 
tion and in the life spans of the opposite 
sexes. The female rat lives longer than 
the male. This is also true for the hu¬ 
man species. 

In planning the diet for this experi¬ 
ment it was desired to satisfy the nutri¬ 
tional requirements of the body in every 


respect, except that the body would have 
insufficient calories to permit growth 
when the food intake was restricted. 
We designed a diet that was adequate in 
vitamins, protein, inorganic salts and 
fats, even when the animal was restricted 
to a low level of intake each day. Thus 
for long periods the animals whose 
growth was retarded could be prevented 
from growing. At the same time the 
food ingested each day provided every 
recognized constituent to insure the 
health of the animal but not enough 
calories to permit growth. In such a 
case the real cause of the retardation of 
growth is probably due to the use of the 
protein for energy, since insufficient 
calories are allowed. Thus in final 
analysis the retardation may be due to 
protein in spite of a high level in the 
diet fed. This is analogous to an auto¬ 
mobile in which the engine contains am¬ 
ple oil, the differential is well greased, 
the battery gives a good spark but only 
enough gas flows into the carburetor to 
permit the car to run 20 miles an hour. 
To make it run faster we feed the engine 
more calories. Likewise with the rat, the 
diet was adequate in every known re¬ 
spect. It was designed so that all that 
was needed to make the rat grow or to 
increase from its uniform rate was to 
feed it more calories. Sugar provides 
calories for the rat just as gasoline does 
for the automobile. No one expects 
“longevity” in an automobile without 
oil, grease and a few repair parts in ad¬ 
dition to fuel. Likewise in the body of 
an animal we must have protein, inor¬ 
ganic material, vitamins and some fat. 
With these needs satisfied it was possible 
to control the rate of growth of the ani¬ 
mals by calories alone. 

In planning an experiment in which 
the growth of a young animal is re¬ 
tarded, it seems desirable to start as 
early as possible. In the case of the 
nursing young it is difficult to decrease 
the growth rate very much and still 
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TABLE I 

Life Spans of Rats that Mature Slowly Compared with Those Maturing Rapidly 


Diet 

Mean Life Span (Days) 

3 9 

Median Life Span (Days) 
3 9 

I—Adequate calories (rapid growth) 

509 

801 

522 820 

II—Deficient calories (slow growth) * . 

(792). 

(755) 

797 904 

Ill—Deficient calories (slow growth)* . 

(883) 

(824) 

919 894 

Stock Diet (75) (rapid growth) t . 

503 ■+■ 12 


Note: Campbell dis¬ 
cards early deaths 

Campbell $ (A) (rapid growth) . 

576 ± 10 

604 

while our data in¬ 
clude them. 

Campbellt (B) (rapid growth) . 

635 -f- 12.9 

664 



* Values in parenthesis are still increasing, since the animals are alive, 
t From unpublished data obtained from our rat colony five years ago. 
i H. Louise Campbell, Thesis, Columbia University (1929). 


keep the young alive and healthy. 
Furthermore, there is a transition period 
in which the animal is weaned and 
changed from milk to solid food. Re¬ 
tarding the growth during this period is 
also somewhat dangerous, since most 
species are very sensitive to changes dur¬ 
ing this time. In view of the difficulties 
in animal life immediately after wean¬ 
ing this experiment with rats was 
planned so that three groups were em¬ 
ployed. 

At the time of weaning 106 rats were 
divided into three groups, one contain¬ 
ing 34 individuals and the other two 36 
each. The members of one group were 
allowed to grow normally for two weeks 
they matured rapidly. The members of 
the second group were forced to grow 
very slowly by limiting their daily al¬ 
lowance of food from the time of wean¬ 
ing. The third group of rats was 
allowed to grow normally for two weeks 
after weaning. They were then re¬ 
stricted in their food allowance and 
forced to mature slowly. This restric¬ 
tion, providing all the necessary ele¬ 
ments as we have stated, limited only the 
calories. 

In the accompanying growth curves, 
the chart, we have selected curves for 


typical rats from each of the groups, and 
thus the course of growth is shown 
graphically. In rearing the retarded 
growth groups the practise has been fol¬ 
lowed of keeping them at a stationary 
weight for one to four months. A 
weight increase of about ten grams was 
then obtained by increasing the allow¬ 
ance of food. Part of these increases 
were made by feeding sugar only in 
addition to the regular allowance of 
food. At other times the step upward 
in the growth was induced by such rich 
sources of vitamins as beef liver. In 
each case the controls were also allowed 
the same additional and special food¬ 
stuffs, as the retarded growth groups 
during the same period of time. 

In the accompanying chart the slow 
climb to maturity of the lucky rats or 
victims (as your philosophy dictates) 
can be seen. After more than 28 months 
all were allowed to mature. For the 
remainder of their lives they were al¬ 
lowed all the food they desired. Thir¬ 
teen of these original rats were still alive 
after 1,200 days. All these were rats 
whose growth wa^ retarded. This repre¬ 
sents 18 per cent, of those from retarded 
growth groups and none of the rapidly 
maturing. 
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TABLE II 

Number or Each Sex of Bats Alive at the Beginning and After 1,200 Bays, Showing the 
Increased Life Span After Retarded Growth 


Diet 


I—Adequate calories (rapid growth) . 

11—Deficient calories (alow growth) . 

Ill—Deficient calories (slow growth) . 

Total alive . 


In Table I is a summary of the mean 
and median life spans which was made 
at 1,191 days. From groups I, II and 
III the only fixed value at 1,191 days 
was that for animals of diet I. Late in 
the first year of this experiment some of 
the females of the retarded growth 
groups were lost during the hot summer 
of 1931. This tends to distort the data 
for the mean life span of the females. 
For this reason the data for the median, 
which is a truer picture in this case, are 
included. 

These data as well as those of Dr. 
Campbell of Columbia, which we have 
inserted for comparison, show that the 
life span of the female rat which ma¬ 
tures rapidly is longer than that of the 
male. It is worth noting that the mean 
life span of the female rat in our experi¬ 
ments, even with rapid growth, was 
about a fifth longer than that found at 
Columbia. One can think of several 
explanations for this difference, such as 
diet or heredity. Another difference is 
that Dr. Campbell’s rats were bred and 
bore young regularly, while those in our 
experiments were not allowed to repro¬ 
duce. In this table are also inserted the 
results of an earlier experiment in which 
75 male rats were kept in our colony 
until the end of their lives. Their mean 
life span was 503 days, while in the 
present case the value was 509 days. In 
these cases the diets and the years in 


No. animals start. 

$ 9 Total 

No. animals alive at 
1,200 days 
$ 9 Total 

14 

22 

36 

0 0 

0 

13 

23 

36 

3 5 

8 

If, 

19 

34 

2 3 

6 



106 


13 


which the experiments were run were 
quite different, but the growth rates and 
the life spans were similar. This affords 
additional evidence that the rate of 
growth and the life span are related if 
the diet is complete qualitatively. 

The data are clear in regard to the 
male rat. They are less clear in regard 
to the female, since there are animals 
alive in each group except one. Further¬ 
more, this table was made at a time well 
outside the period of the normal life 
span of our male rats but just outside 
the span for the female animals. Since 
even female rats that matured rapidly 
lived about a fifth longer than those of 
Miss Campbell, there is the possibility 
that growth of young within the uterus 
may remove some essential from the 
body of the mother and thus shorten her 
life span. 

In Table II is a summary of the num¬ 
ber of each sex at the beginning and at 
the end of 1,200 days, slightly more than 
three years. At the present time this 
experiment has been running 1,200 days 
and there are 18 animals alive. Since 
the average male rat lives from 500 to 
600 days and the average man lives from 
50 to 60 years, ten days in the life of a 
male rat is equivalent roughly to a year 
in that of a man. 

Most of the rats that are alive now are 
more or less blind and some have been so 
for about half of the period. Thufc it 
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seems that the eye fails before other 
parts of the body. These old animals, 
like old men, seem to be susceptible to 
lung infections and these seem to be the 
immediate cause of some deaths. The 
hair of the animals retarded in growth 
remained fine and silky for many months 
after that of the rapidly growing ani¬ 
mals had become coarse. In studies 
with animals it is customary to observe 
the hair, since its condition frequently 
reveals changes that are taking place 
within the animal body. 

In summarizing, these data indicate: 

(1) That the life span of the rat ls 
extended if the growth of the animal is 
retarded by inadequate calories and if an 
adequate intake of other essential nutri¬ 
ents is insured. 

(2) That the potential life span of an 
animal species is unknown and greater 
than we have believed. 

(3) That the difference in growth 
rates of the opposite sexes within a 
species may account for the differences 
in life span. 


(4) That the problems of longevity 
can be attacked profitably to-day by 
means available in most nutrition labo¬ 
ratories. 

Finally, in order that we may not 
become over-enthusiastic concerning the 
worth of longevity studies, it may be 
worth recalling the well-known lines of 
Lucretius with which he closes Book III 
of the “ Nature of Things. ” 

Verily, a sure end of life is ordained for mor¬ 
tals, nor can we avoid death, but we must meet 
it. Moreover, we spend our time amid the same 
things, nor by length of life is any new pleasure 
hammered out. But so long os we have not 
what we crave, it seems to surpass all else; 
afterward, when that is ours, wo crave some¬ 
thing else, and the same thirst for life besets 
us ever, openmouthed. It is uncertain too what 
fortune, time to come, may carry to us, or what 
chance may bring us or what issue is at hand. 
Nor in truth by prolonging life do we take 
away a jot from the time of death, nor can we 
subtract anything whereby we may be per¬ 
chance less long dead. Therefore you may live 
on to close as many generations as you will: 
yet no whit the less that everlasting death will 
await you, nor will he for a less long time be 
no more, who has made an end of life with to¬ 
day’s light. 



THE NEW POINT OF VIEW IN CHEMISTRY 


By Dr. HENRY EYRING 

DEPARTMENT OP CHEMISTRY, PRINCETON UNIVERSITY 

Man’s interest in the physical world by the nuclei and electrons. This paral- 
stretches from the farthest nebula to lels the law of gravitational attraction 
the nucleus of the atom. It is conve- for celestial bodies. Paralleling the 
nient to think of the world as being Newtonian laws of motion we have the 
divided into parts on the basis of the no less precise quantum mechanical laws 
measuring scale required in discussing of motion, together with the Pauli prin- 
it. Thus for the nebulae we think in ciple. 

terms of billions of light years. When We pause to mention the last and 
we remember that light travels to the smallest in these realms of human inter¬ 
earth from the sun in about eight min- est, the subatomic. Here the measuring 
utes we get some idea of how far it rod is a million-millionth of an inch and 
would travel in a year—the light year, the forces are gigantic. Here also the 
Billions of light years is indeed a grand correct mechanics remains to be discov- 
scale. The nebulae form an intensely ered and even the nature of the forces 
interesting world, about which, however, are shrouded in mystery. We may be 
relatively little is known. Much closer sure, however, that this too is a mystery 
to us is the celestial world known to the which human ingenuity will unveil, only 
ancients. The convenient scale for the to uncover newer mysteries beyond, 
planetary system is the actual distance We now inquire what is the nature of 
in miles, and even for the stars we sel- this mechanics, which is transforming 
dom require a scale larger than thou- chemistry from a world in which every 
sands of light years. This is the part of property of matter was of necessity em- 
the world in which the laws of attraction pirical to one in which any property can 
and the mechanics which govern these be calculated—to be stire, at the price 
bodies have been known for nearly three of enormous labor—but nevertheless it 
centuries. Indeed, if we will, we may can be calculated. Since all the forces 
know the time of an eclipse to the frac- between the atoms arise from the fact 
tion of a second. that they are electrical charges, it is not 

We next consider the world of every- surprising that when we can specify ac- 
day eigserience. In it we find the prob- curately the average relative position of 
lems which send us searching into the these charges we can immediately cal- 
world of x-ray dimensions, where lie the culate all their properties. The eigen- 
hidden causes of the properties of mat- function is the name given to the quan- 
ter. To understand chemistry we must tity whose square describes in detail the 
in fact master the forces which act be- haunts of these particles, and the Pauli 
tween atoms when they are a hundred principle simply says that no two of 
millionth of an inch apart. Here the these particles can simultaneously oc- 
last few years have brought revolu- cupy the same haunts. This seems to be 
tionary changes. simply a highly sensible bit of atomic 

The analogous laws which began an regulation to prevent overcrowding, 
epoch for celestial mechanics about three Now the other important principle in 
centuries ago have just been discovered quantum mechanics tells us how, by a 
in this fascinating chemical world. We slight but absolutely definite change, we 
now know that the forces between atoms obtain an operator from the Newtonian 
arise entirely from the charges carried expression for a property which acts 

4l« 



416 


THE SCIENTIFIC MONTHLY 


upon an eigenfunction to yield the cor¬ 
responding value of this property in our 
new mechanics. 

This broad outline has been given 
simply to emphasize the fact that we 
now have this new mechanics which is a 
perfectly definite concrete system which 
all of us may, and those of us who are 
chemists must, if possible, learn to apply. 

One naturally wonders, first, if there 
really is a correspondence with reality of 
this set of abstract operations and, oven 
if there is, how the correspondence arose. 
In answering this, we should remind our¬ 
selves that the process of thought is 
itself experimental. When we start 
thinking about something strangely new, 
many of our ventures lead nowhere, but, 
if we try often enough, we finally build 
a logical system which is a faithful 
mirror of reality. If this system is well 
built, continuing the structure reveals a 
part of the physical world beyond pre¬ 
vious experience. It is not strange, then, 
but certain that, if brilliant men think 
long enough about a rich world of ex¬ 
perience, such as spectroscopy was dur¬ 
ing the first quarter of this century, a 
great logical method will arise which 
may be used to penetrate deeper into our 
unknown world. 

What are some of the questions which 
we are called upon to unravel ? The first 
is the great realm in which nothing 
changes with time. A typical question 
follows. Suppose there is oxygen in a 
vessel at a certain temperature and pres¬ 
sure, what fraction of the oxygen will be 
present as atoms and what part will be 
present in the form of oxygen molecules, 
each containing two atoms. This is a 
question extremely difficult to answer ex¬ 
perimentally, to temperatures higher 
than about 1000° C., even approxi¬ 
mately. With the help of spectroscopy 
and quantum mechanics precise values 
have been given up to about 6000° with 
comparative ease. This is a phase of the 
great chemical revolution of which very 
many equally striking examples could be 


cited, but instead we turn to an even 
more interesting question. How fast do 
chemical changes take place in the 
world? Life itself is but one phase of 
this fascinating question. 

For molecules to combine to form new 
ones they must collide with catastrophic 
violence. The atoms in the two colliding 
molecules must approach so closely that 
they no longer know whether they are 
bound to the new or the old atoms. For 
convenience, this is known as the acti¬ 
vated state. If these violent encounters 
occur once in every million million col¬ 
lisions, the reaction goes moderately f&st. 
If they go once in every thousand million 
collisions an experimental chemist will be 
unable to distinguish between this and 
reaction on every collision. He will sim¬ 
ply say in either case that the reaction 
goes immeasurably fast. By cooling his 
vessel he slows down all the molecules 
and can so cut down his rate to some¬ 
thing measurable. Thus, simply by ob¬ 
serving how a chemical reaction changes 
with temperature, he can tell you how 
violent a collision must be in a particu¬ 
lar case to cause reaction; but, until the 
last three or four years, he could not 
even guess how violent a new type of 
collision must be to bring about a reac¬ 
tion. This the quantum mechanics has 
completely changed. He can now calcu¬ 
late, as accurately as he pleases, how 
energetic a collision must be to cause 
chemical change and, therefore, at what 
temperature it has a measurable rate. 
Moreover, approximate calculations, 
which are simply made, frequently tell 
him which of two reactions will go the 
faster. This is a type of question which 
to answer experimentally frequently re¬ 
quires a great amount of time and great 
expenditures of money. 

For the exact calculations one needs 
no other data than the laws of quantum 
mechanics and the fact that one is deal¬ 
ing with a certain set of charged par¬ 
ticles, and all the physical and chemical 
properties would emerge as a matter of 
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same forces pulling on them, it is clear 
that the lighter ones will vibrate more 
rapidly. The result of this is of course 
that because the light hydrogen has the 
most energy to start with less will be re¬ 
quired to break it up into atoms or to 
shatter it enough to permit it to react 
with any other molecule. 

Such considerations show that if you 
had a solution containing one half ordi¬ 
nary water and the other half heavy 
water then, in the gas phase above the 
molecules, there will be very few ions of 
either kind, but there will be twelve 
times as many hydrogen as deuterium 
ions. Since the lighter hydrogen ions 
also move 40 per cent, faster than the 
deuterium ions, you would find, if there 
were a tiny hole in your apparatus which 
would only allow ions to pass, that 18 
times as many light as heavy hydrogen 
ions would emerge. This of course 
would give a very excellent separation of 
the two kinds of water but unfortunately 
at a very slow rate. However, this slow¬ 
ness is remedied by passing an electric 
current through the water and so forc¬ 
ing the ions to leave the solution and 
allowing them then to combine to give 
hydrogen and deuterium on the metal 
electrodes. If the electrodes are made of 
platinum the separation factor, instead 
of being 18, as in the ideal case, is only 
8. If the electrodes are made of mer¬ 
cury this factor is 2.8. Iron and nickel 
give values of 7 and 5.5, respectively. 
The differences from the ideal separation 
factor, although fairly well understood, 
are of no particular interest to us now. 
The interesting point is that you get 
separation of light and heavy water no 
matter what metal you use for your elec¬ 
trode or what substance you dissolve in 
your water, and the only reason some 
one did not find it a hundred years ago 
is because they did not try. They did 
not try earlier because they did not 
understand spectroscopy sufficiently well 
to identify the spectral lines; but, most 
of all, they did not know the quantum 


mechanics which would allow them to 
know exactly the position of the old lines 
of hydrogen nor the possible new faint 
ones for deuterium. 

From what has been said it must be 
clear that, in general, hydrogen will re¬ 
act from 3 to 18 times faster than deute¬ 
rium if the process involves breaking a 
hydrogen or deuterium bond. Deute¬ 
rium may react slightly faster in the 
rare cases in which the reactants are the 
free atoms. 

What value will deuterium have in the 
study of reactions? If, in a reaction, 
the slow process involves breaking a 
hydrogen bond, then when we replace a 
hydrogen by deuterium the reaction will 
be found to go much more slowly. Con¬ 
versely, if we find a deuterium com¬ 
pound reacts more slowly than the corre¬ 
sponding hydrogen compound the rate¬ 
determining step in the reaction must 
involve the breaking of a hydrogen or 
deuterium bond. 

The field of biochemical reactions is of 
course a complicated one, but we are at 
least safe in saying that all the consid¬ 
erations mentioned above should be 
valid for such cases also. Often of sec¬ 
ondary importance are the different 
physical properties of deuterium water, 
such as lower dielectric constant and 
lower solubility of dissolved compounds, 
greater density, boiling point, freezing 
point, and so on, although they are by 
no means negligible. There are of course 
a very great number of interesting ex¬ 
amples illustrating these effects already 
known. We shall mention here but two. 
Various people, including Lewis, have 
shown that compounds of hydrogen not 
ordinarily thought of as acids still have 
the property of having their hydrogen 
atoms replaced by deuterium when dis¬ 
solved in heavy water. This of course 
should remind us that even though com¬ 
pounds do not have hydrogen atoms so 
loosely bound that they act like acids 
they may still be loose enough that they 
can react once in every thousand million 
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collisions and so have the appearance of 
going instantaneously. 

Another startling result of Taylor and 
Pace is that both hydrogen and deute¬ 
rium are taken up by solid chromium 
oxide equally rapidly. The specialists in 
the field of catalysis, particularly Tay¬ 
lor, have always assumed that the slow 
process in the activation of the hydrogen 
at surfaces involved the breaking of hy¬ 
drogen or deuterium bonds, but this 
seems to indicate that the slow process 
involves some preliminary rearrange¬ 
ment in the chromium oxide itself, which 
is a rather startling result. More cases 
must be studied before we can feel cer¬ 
tain of such an interpretation. This 
should, however, give one a feeling for 
the kind of fundamentally interesting 
problems which this new isotope pre¬ 
pares us to attack. 

It is perhaps of some interest to indi¬ 
cate the expense attached to the manu¬ 
facture of heavy water. At Princeton 
at the present time there is produced 3 
cc a day at a cost of about $5 to $8 a cc 
to be compared with earlier estimated 
costs of a number of people of $80 and 
more per cc. The method of procedure 
is very simple and has in fact been de¬ 
scribed elsewhere. 

Perhaps the most striking of the very 
recent work on isotopes is the discovery 
of hydrogen of mass three. Rutherford 
and his coworkers, bombarding NH*C1 
with deuterium, discovered that atoms 
of tritium, hydrogen of mass three, were 
formed. Gould and Bleakney at Prince¬ 
ton, using some of the 98 per cent, heavy 
water in a mass spectrograph, found that 
tritium is not present in ordinary water 
in quantities as large as one part in a 
hundred million. In the meantime, 
Bleakney and hie coworkers developed a 
much more sensitive mass spectrograph 
and found that tritium does exist in 
ordinary water to the extent of two parts 
in a billion. Curiously enough, this is 
just barely outside the range of the 
earlier instrument used. 


Quite recently, Professor Hamwell 
and coworkers at Princeton shot deute¬ 
rium molecule ions at high velocities into 
other deuterium molecules and increased 
the amount of tritium by several fold. 

It is easy to summarize the general 
properties of this new kind of very 
heavy water. In the first place, it would 
cost a million dollars a cc to prepare it 
if one used the same methods applied 
successfully to deuterium. To obtain 
one oc of this water one would have to 
electrolyze away the water in a pool a 
foot deep and 200 feet square. Tritium 
heavy water is 20 per cent, heavier than 
ordinary water, as compared with 10 per 
cent, for D 2 0. The chemical reactions 
of tritium will be still more sluggish 
than those of deuterium. Under circum¬ 
stances in which the latter reacts a fifth 
as fast as ordinary water the former will 
react a tenth as fast. There will be in 
fact little or no difficulty in predicting 
all the properties of tritium from the 
quantum theory and from a knowledge 
of deuterium. The prediction depends 
principally upon the zero point energies 
involved. Interestingly enough Polanyi 
and Eyring, using quantum mechanics 
to predict rates of chemical reactions, 
outlined the effects of zero point energy 
on reaction rates some time before the 
heavy isotopes were discovered in whose 
reactions zero point energy plays such 
an important role. 

It has been my purpose to point out 
that the same rapid developments which 
followed the discovery of the laws of 
force and the mechanics of heavenly 
bodies almost three centuries ago are 
now beginning in chemistry and that we 
must expect a large part of chemistry 
to become rapidly transformed into a 
much more exact science. Individuals 
or universities who do not take account 
of the trends of the times and who fail 
to direct their efforts to meeting such 
changes are doomed to fall far short of 
their utmost possibilities. 
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I. Introduction 

Mathematicians are often confronted 
with the question: ‘ 4 What is mathe¬ 
matics f M And a second follows in its 
train: “Why should mathematics be of 
interest to any but the few.” Many 
definitions of mathematics have been 
given, but upon examination they have 
all turned out to be inadequate. A good 
many thinkers have given answers to the 
second question, but they have never 
been very convincing. It has been urged 
that mathematics is useful. So it is, and 
to many its sole reason for being is the 
same as that of the kitchen scullion. 
Some one must do the drudgery. It has 
been urged that mathematics is the most 
powerful aid to logical or correct think¬ 
ing. And it is true that mathematics 
seems at least to be correct. And mathe¬ 
matics never loses its creations. One can 
take considerable pleasure in the fact 
that one of my students expressed him¬ 
self thus: “I am heartily thankful there 
is one subject in my curriculum that re¬ 
mains the same to-day as yesterday .’ 9 
When one thinks about it he sees that 
in all the range of human thought, but 
one subject has steadily added to its 
riches, and never has thrown away any¬ 
thing—mathematics. Science denies this 
decade what it taught last decade. His¬ 
tory is questioned on every side. The 
sciences of humanity are ever remade. 
With the exception of mathematics all 
knowledge is subject to revision. This 
is an excellent reason for becoming 
acquainted with it, but it is not a neces¬ 
sary reason. For we meet a new ques¬ 
tion : Is mathematics knowledge, and if 
so, knowledge of what? This reduces 
the second question to the first, and we 
must consider it before we can consider 
the other. What is mathematics f 
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In order to arrive at an answer we 
must go back, as Descartes did, to the 
human consciousness itself. What do 
we find in the conscious life of man as 
the dominant essences of that life ? One 
is the ability to hoard the conscious life, 
to capture some of the wild birds that 
flit past our present. Another is the 
ability to wave a magic wand like Pros- 
pero and bring into being birds and 
butterflies, Ariel and all the trains of 
fairies, castles and storied towers, music 
and poetry. Man is a dreamer, but 
some of his dreams he can capture and 
keep. 

These two characters have been evi¬ 
dent at all times in the long stretch of 
the human race from the dawn of his¬ 
tory to the present. Man has never 
accepted the world around him as do the 
animals. He has always undertaken to 
change it and make it into something 
different. He makes water run uphill; 
he piles up stone or steel even to the 
clouds; he tames the wild beast and puts 
him to work; he talks ’round the world; 
he protects himself so that he lives in 
the tropics or at the poles. Sometimes 
he is whirled about in the winds of 
nature, but he does not accept this fate. 
He remembers what he has done in the 
past and wherein he failed, and on the 
basis of these memories, which he calls 
knowledge, he conceives visions of what 
he can do in the future. He is con¬ 
stantly endeavoring to let loose an in¬ 
nate power, a desire for activity. It is 
not necessarily practical work he is 
doing, for just as often it is the exercise 
of the play desires he possesses. He 
often undertakes projects that have no 
particularly practical end. The dance 
for the green corn is to cause good crops, 
but it is also the outlet of spiritual 
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power. What practical end does 4 ‘The 
Tempest” serve? The modern slender 
spire that rises up in the heart of a 
swarming city is practical, perhaps, but 
it is far more the satisfying success of 
an artist to realize a dream. Man knows 
that he is not a mere spectator in the 
universe of phenomena, seeing things 
only by “flashes of lightning, all the rest 
darkness . 7 7 Neither is he a walking doll, 
that says “mamma,” then goes to the 
ashbarrel when broken. He is an adven¬ 
turer, often undertaking the impossible, 
and making it possible. He is the living 
volcano of flame and dust which must 
release its power. 

But his life is not simply the exhibi¬ 
tion of activity. There is inside him, not 
always consciously, a longing which 
haunts him, a longing for an invisible, 
intangible, inaudible reality called 
beauty. This he finds is just as insistent 
as the desire for comfort. He must 
build a habitation for shelter, but he 
does more than this, for he builds it in 
such a way as to satisfy this desire for 
an elusive thing which later he calls 
beauty. In time this indeed comes to be 
more important than anything else, for 
he sees that this reality indeed is himself. 
It is a glorified expression of that which 
he sees himself potentially to be. What¬ 
ever means he may make use of will be 
as inadequate as are paper and ink to 
carry the impassioned lover’s rhapsody. 
When the first primitive tribe with 
sweating labor managed to stand on end 
a huge monolith, their expression of the 
majesty and power of their first vague 
intuition of the Unknown, their own dim 
consciousness of capabilities, of powers 
to be attained only in the tedious march 
of centuries, reaching up higher than 
they, solid and undisturbed by rain or 
frost, was there nothing real and per¬ 
manent for which this clumsy symbol 
stood? Even the archeologists and eth¬ 
nologists who see in it nothing but a 
phallic symbol have to admit that the 


insurgency of life and the urge to crea¬ 
tion are worth a symbol which shows 
them as eternal realities. 

The twofold character of the psyche 
is easily evident with only a small 
amount of reflection and very little in¬ 
sight. There is the ability to crystallize 
the evanescent and flowing waves of 
events into definite and stable forms, and 
this is called knowledge. Then there is 
the constant urge to create new elements, 
more spontaneity, unguessed and un¬ 
dreamed forms of the inner life, and this 
is called art. So fleeting is the con¬ 
figuration of the psyche that the fixed 
and stable elements are ascribed not to 
it but to an objective world which is 
assumed to be independent of the 
psyche. Knowledge is assumed to be 
an understanding of an extraneous 
entity. Art is assumed to be mere play 
of the spirit, fleeting emotion, of only 
passing interest. Both assumptions are 
incorrect, since knowledge is the more or 
less temporary system of invariants the 
psyche plays with, while art is the emer¬ 
gence of the new life-forms of the psyche 
itself. Those creations of the psyche 
which it retains for awhile constitute 
knowledge, and the creating of a new 
form is art. It is easy to restate knowl¬ 
edge, since its forms are for awhile per¬ 
manent, but to state art one must accom¬ 
pany the wild duck in its flight, must 
freeze the rainbow the sun produces 
against the shower of events. This 
means of course that knowledge and art 
are human, even though they plumb the 
absolute. What sort of psychical mate¬ 
rial a Martian cherishes as knowledge 
we can not know. What sort of art he 
creates we can not know either. 

The stable routes from one item of 
knowledge to another we call logic. 
They seem to us to be necessary, but 
merely because we have made them 
habitual in going from one judgment to 
another. To find other routes would be 
an act of creation, which would be art, 
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not logic, and this process of making 
new logic is actually going on. Stable 
modes of art would be impossible, since 
creation implies the unexpected, the 
versatile, the ever-new. This does not 
mean that in the creative process there 
is not a permanent reality. Reality 
does not mean fixity, crystalline struc¬ 
ture. Any organism that maintains its 
individuality as an organism, even 
though subject to a steady flux of mate¬ 
rial, even though every atom, material 
or mental, is changing momentarily into 
a new atom, is still a reality. The 
human body is a reality, the immaterial 
sieve through which chemicals flow. 
The reality of art has this nature. An 
easy example is dual symmetry, the com¬ 
plementary phases together constituting 
the unitary symmetry. This may be in 
positive and negative number, geometric 
reflection in a plane mirror, in sine and 
cosine, in wave and particle, in the 
facade of a temple, in the right and left 
of the human form, in the purple and 
yellow of the sunset, in the assonance 
and dissonance in music, in the earthly 
and the heavenly love, in male and 
female, in good and evil—what matter 
the medium in which the dual symmetry 
express itself ? The reality is that which 
generates the symmetry, the forms are 
adventitious. The stable idea of sym¬ 
metry is knowledge, the actualizing of 
symmetry in some form is art. Indeed, 
knowledge and art are phases of a dual 
symmetry in the psyche itself, though 
there may also be found trinities, quater- 
nities and an unlimited variety of other 
forms. The struggle of the poise of the 
spirit with its medium of expression is 
often intense: “White, white blossom, 
fall of the shattered cups day on day.” 1 
To many of the realities of art there do 
not correspond ideas; they are not ex¬ 
pressible in the abstractions and static 
forms of language. The nearest ap¬ 
proach in language is in creative, meta¬ 
phorical, suggestive poetry. Hence stat- 
1 J. GK Fletcher, ' * White Symphony. 0 


ing an example in words is very in¬ 
adequate, it is at best only a sort of 
ticket for reality itself. “Art is the 
very flowering, the tangible flowering, of 
the creative soul come to ecstasy.” 2 

There is a constant interplay of the 
two characters of the psyche. It is the 
creative character which furnishes 
knowledge its hypotheses, the most 
steady source of advance in science. It 
is the crystallizing character which fur¬ 
nishes art its types of expression, the 
most steady source of production of art 
works. Research goes on all the time 
both ways. On the knowledge side it 
usually consists in an increase in dis¬ 
persive power so as to split principles 
into more universal principles or more 
fundamental hypotheses. On the art 
side it usually consists in experiments 
made to find a more adequate method 
of handling the medium, so as to express 
the artist’s vision. Often the apparently 
unrelated researches are the same down 
in the depths of the psyche. It has been 
pointed out that much of modern art is 
an actualizing in art forms of the same 
universal invariants as appear in science 
in the Einstein theory. Human life, 
after all, is unitary, and we should ex¬ 
pect this symmetric dualism in its mani¬ 
festations. When the crystallizations 
made by the psyche no longer are useful 
and do not fit our evolving experience, 
we have an advance in science. It 
sweeps away what was called knowledge, 
and puts it into the museum of discarded 
theories. Where is to-day the ether 
which fifty years ago had a density, a 
rigidity, an elasticity, and was indeed a 
collection of very contradictory quali¬ 
ties ? When the forms used by the artist 
no longer convey his message, have be¬ 
come lifeless and unsuggestive, we have 
an advance in art. The daring invagina¬ 
tion of Wagner in music gave a new 
meaning to musical forms. The multi¬ 
tude usually does not welcome these ad- 

8 J. Cheney, "The New World Architecture, ° 
p. 347. 
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vances, for the multitude likes what it is 
in the habit of having, it resists change, 
and society in general is conservative. 
No doubt the first savage to use fire for 
cooking was accused of impiety, of try¬ 
ing to upset society, of increasing the 
difficulty of living. 

The aspirations of the spirit, however, 
produce new events in art, and the study 
of such aspirations is in the end more 
important than the study of phenomena 
in the world of nature. Every aspira¬ 
tion has something which may be clasped 
to the heart and in this way become 
knowledge, knowledge of life and what 
it means. When these aspirations which 
find expression in art forms become or¬ 
ganized into living forms, they become 
visions. These visions have been the 
dominating forces in the life of man 
through all the ages, much more than his 
material environment. Knowledge en¬ 
ables us to secure ourselves against the 
play of material powers that would de¬ 
stroy us, the frost, the lightning, hunger, 
pain, illness. But spiritual visions en¬ 
able us to wish to be secure so that we 
may expand into flowers that will not 
perish under the hurricanes and tem¬ 
pests of nature. For a few decades, the 
study of material phenomena has occu¬ 
pied man extensively, science has become 
quite powerful, and its success in giving 
us power to control the world of nature 
makes it a dominating force in life. But 
when it undertook to explain the life of 
art and the spirit, its words were ashes 
in the mouth, and to-day its finality has 
vanished. 

In his 1 ‘Dance of Life,” Havelock 
Ellis says: ”... where we reach the 
sphere of mathematics, we are among the 
processes which seem to some the most 
inhuman of all human activities and the 
most remote from poetry. Yet it is here 
that the artist has the fullest scope for 
his imagination. . . . We are in the 
imaginative sphere of art, and the 
mathematician is engaged in a work of 


creation which resembles music in its 
orderliness, and is yet reproducing on 
another plane the order of the universe 
and so becoming as it were a music of 
the spheres. . . . The mathematician has 
reached the highest rung of the ladder 
of human thought. But it is always the 
same ladder which we have all of us been 
ascending, alike from the infancy of the 
individual, and the infancy of the race. 
Molidre’s Jourdain had been speaking 
prose for more than forty years without 
knowing it. Mankind has been thinking 
poetry throughout its long career and 
remained equally ignorant.” 

Many mathematicians have said that 
mathematics is art. Poincar6, Sylvester, 
Pringsheim, Kummer, Kronecker, Helm¬ 
holtz, B6cher, B. Peirce, Bussell, Hob¬ 
son, Picard, Hadamard, and many 
others, have felt and seen the qualities 
that beauty shows in the various parts 
of mathematics. And we may reverse 
the statement, and just as physics, which 
was an observational science, ultimately 
became “the theory of certain differen¬ 
tial equations,” and at present may be 
said to have become “the theory of cer¬ 
tain linear operators,” so art in every 
line, every phase, every mode of expres¬ 
sion, has become the outward expression 
of certain forms of beauty, simply as 
sheer beauty. Pure art is as abstract 
as mathematics. No intention exists of 
representing nature or man, even in a 
glorified state. Debussy's nocturnes ex¬ 
press sparkling flashes of spiritual in¬ 
sights, Picasso’s diagrammatic paintings 
express designs of the spirit itself. Even 
if the attempt be futile, as John Gould 
Fletcher says, the artist must keep on: 

Like spraying rockets 
My peonies shower 
Their glories on the night. 

Towards the impossible, 

Towards the inaccessible, 

Towards the ultimate, 

Towards the silence, 

Towards the eternal, 

These blossoms go. 
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II, Mathematics 

What any art undertakes to do is to 
give an expression to beauty. In the 
artist are living, evolving qualities which 
embody themselves in the art form. The 
art form once produced becomes part of 
human consciousness, and on the one 
hand incites the individual to become a 
creator himself, at least in a vicarious 
way, and on the other hand gives bim 
something permanent which he can add 
to the stable organism he calls himself. 
At present we will pass over the first 
phase because we are interested in the 
second. As knowledge we examine the 
art form to discover what its structure 
is. For it has a definite structure, as 
has everything in the universe. Even if 
the art form is existent only as music, 
which passes away with the playing, or 
as the dance, which ceases when the 
dancer is still, there is involved in the 
whole event a definite structure. The 
static arts—architecture, painting, sculp¬ 
ture, poetry, mathematics—leave a per¬ 
manent product which may be examined 
again and again, and the structure can 
be studied leisurely. But the dynamic 
arts are birds that must be studied on 
the wing. They are flowers whose petals 
expand with the seeing, and then they 
are gone. Even if they can be repeated, 
the new expression is never quite the 
same as the old. Yet they have a struc¬ 
ture which is the same. The elements of 
structure as knowledge in beauty have 
been named: Rhythm, order, design, 
harmony. These appear in every art. 
In the distant future we may expect to 
find new elements of structure besides 
these. Of course to be an organism each 
work of art exhibits these elements as 
held together in unity. It must be suffi¬ 
cient unto itself. The “Unfinished Sym¬ 
phony’ ' haunts us with wistfulness. In 
every case the artist brings into being a 
new creature for the world of spirit; he 
gives life to it; he watches it enter into 
his own being, and he may find that it 


helps him to interpret the riddle of the 
Sphinx. If we had time we could show 
that many new concepts of science have 
had an origin like this. 

When we come to consider mathe¬ 
matics we may paraphrase Sandburg 
and say, “Mathematics is the achieve¬ 
ment of the synthesis of hyacinths and 
biscuits.” And we shall find the mathe¬ 
matician more interested in the hya¬ 
cinths than in the biscuits. Mathematics 
is engaged in fact in the profound study 
of and the expression of beauty. The 
medium used is very ethereal, being pure 
ideas, nothing material, and this justi¬ 
fies the statement that mathematics is 
the subtle fine art. Its medium is 
sublimated to the very limit. It does 
not depend upon the perceptions of the 
senses, nor upon matter. No material 
experiment could have the slightest 
effect upon a mathematical theorem. 
The existence of its objects is not in the 
world of sight. Nature never makes a 
perfect circle, nor draws a straight line. 
No fractional numbers exist in her build¬ 
ing material, nor is there such a thing 
as a negative. Kempe defined mathe¬ 
matics as the science of pure form, but 
this is a somewhat empty concept. C. S. 
Peirce defined it as the study of ideal 
constructions. But an ideal construc¬ 
tion is a structure. And of what t And 
by ideal he did not mean abstract, 
ghostly, purely non-existent. 

If now we examine the various parts 
of mathematics to see what they are 
essentially, we shall find that they are 
concerned with the study of these ele¬ 
ments of beauty named above; perhaps 
with particular expressions of the ele¬ 
ments, or in the most profound way 
with the very essence, the spirit of the 
element in any particular form. In each 
case there are two phases, one static, 
furnishing patterns for the element, the 
other dynamic, furnishing motricities 
for the element. A pattern is something 
that remains crystallized, 'a motricity is 
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something that parades its life before ns. 
The White Knight said to Alice, “That 
is not the song, it is the name of the 
song.” Nor is the printed verse the 
song. The song is gone with the singing. 
Yet the singing has a flowing pattern 
which is a motricity. So we have pat¬ 
terns and motricities of rhythm, patterns 
and motricities of order, patterns and 
motricities of design, patterns and mo¬ 
tricities of harmony. These we find are 
what mathematics is concerned about. 

III. Rhythm 

Rhythm is an element of the structure 
of beauty. But modern physics says 
that rhythm is the fundamental element 
in the structure of the entire material 
universe. It swings around in great 
spirals the hosts of some island universe 
distant 300,000,000 light years; it wheels 
the members of a solar system in their 
ponderous orbits; it turns the hugest 
planet like a flywheel; it pulses in the 
flow of photons of light; it is the heart¬ 
beat of the atom; it is the only element 
of structure known for matter and 
energy. Wave-mechanics is a new term, 
but it has become the basic study for 
the physicist. 

When the dawn of intelligence made 
Eoandros notice the world he was in, he 
must certainly have soon become aware 
of the pound, pound, pound, of his over¬ 
taxed heart when he had fled the saber- 
toothed tiger. He must have noticed the 
rhythm in the beat of the waves on the 
shore of the lake. He heard rhythm in 
the call of the crow. Day and night 
was a persistent rhythm. The flowing 
curves of birds in their flight, the ar¬ 
rangement of the leaves on the stem of 
the daisy, the way the petals of the 
primrose grew, almost all the items of 
his daily life surrounded him with 
rhythms. As he developed he began to 
hold on to certain of these rhythms, and 
these became knowledge, the knowledge 
of numbers—at first integers, one, two, 
three, four, five. In trying to follow 


the differences in phyllotaxis on a stem 
he would find fractions, two in five, three 
in eight. He was beginning the theory 
of numbers, even though he did not 
know it. Theory of numbers is still the 
many-threaded web of mathematics, and 
is far from being fully untangled. But 
in essence it is only the study of the 
structure of pure rhythms. Each prime 
number starts a new series of ripples, 
and the list of primes has no end. Do 
all these waves exist in nature ? Appar¬ 
ently not. The imagination of man far 
outruns the needs of nature. Even the 
numerous waves of the terrestrial ninety- 
two atoms occur only in very definite 
series. These series are quite few com¬ 
pared to the endless list there may be. 
It was indeed a great source of satisfac¬ 
tion to the physicist when he found out 
that the series were few in number. His 
multitudinous chaos is overwhelming 
enough, even at that. And even when 
the waves run in packets and simulate 
particles, the wave-crests furnish only a 
few rhythms. 

Centuries later in the history of man 
a majestic figure down by the Icarian 
Sea draws diagrams in the sand. They 
have all the mystic properties of 
rhythm: triangles, squares, pentagons, 
pentagrams, hexagons, figures inscribed 
inside of figures; then tetrahedra, cubes, 
dodekahedra, the ikosahedron—even the 
names are still Greek—all were full of 
rhythm, and they gave Pythagoras a 
vision far ahead of his time, a vision of 
the whole universe as built on rhythm. 
Number ruled everything, he was quite 
convinced. And he was more nearly 
right than was thought until recently. 
But one dreary day he and his school 
were appalled to find that there was no 
rational rhythm between the side of a 
square and its diagonal. Irrational 
numbers had emerged and they fright¬ 
ened their creators, and their magnifi¬ 
cent temple of rhythm tumbled in ruins 
around'the little band. Little they 
dreamed of the innumerable arrays of 
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. irrational numbers yet to come, bringing 
intricate new rhythms. The years rolled 
on in their cycles, and then one day a 
rebellious youth named fivariste Galois 
looked more closely at the irrational 
roots of equations, and saw rhythm 
emerging again in beautiful new types. 
All algebraic irrationals come from cer¬ 
tain normal equations, and each normal 
equation furnishes a flower whose petals 
are the roots, arranged in cycles and 
clusters of cycles, of two, three, four, 
five and so on. The simple flowers of 
Eoandros have expanded into compli¬ 
cated forms, but with very definite 
structure for their rhythms. The re¬ 
fractory quintic has been shown to de¬ 
pend on a normal equation of order 
sixty, but the sixty petals of this flower 
are arranged in fives, threes and twos, 
twelve fives, twenty threes, thirty twos, 
and the transition from one five to an¬ 
other is given by a dance pattern of 
great beauty. Hamilton playfully em¬ 
bodied it in his Icosian game, its first 
expression. Irrationals are a creation 
of the spirit of man, and show forth 
certain innate rhythms in his own spirit. 

But rhythm is not confined to number. 
For* we find that algebraic forms also 
have their rhythms, and the modular 
study of these—quite complicated in 
itself—consists in the finding of these 
rhythmic relations. An example is the 
field of symmetric expressions on N let¬ 
ters. Finite geometries also exhibit the 
same essence. Even in the study of 
linear differential equations we again 
discover systems of related functions 
much like the conjugate irrationals of 
Galois, for the Yessiot theory is just this 
in its study of the domain of functions 
which are roots of these differential 
equations. 

More has emerged, too, than the static 
arrangements of frozen flowers. For 
Galois saw that the transitions from one 
of his sets to another were rhythmic also, 
and in the place of crystallized patterns 
we now have flowering motricities. He 


called them groups in connection with 
the roots of equations. And these 
groups, too, we find in a limited number 
in nature. If we examine the shapes of 
crystals, we find that they are solids 
with faces all alike, and the transition 
from one face to another gives a set of 
changes which make a group. For we 
arrive at all the faces from any particu¬ 
lar one by the same set of changes, just 
as we can derive by the same rational 
expressions every root of a normal equa¬ 
tion from any one. There are only 
thirty-two types of crystals, however, so 
the long list of groups is not very much 
used by nature. Groups of operators 
they are frequently called. We might 
set them on a stage and call them dance- 
patterns. 

This opens to us also the meaning of 
the realm of geometry. It was Klein, in 
his address at Erlangen, who pointed 
out that every type of geometry was a 
listing of what did not change in the 
transition from one figure to another 
under given conditions. Projective ge¬ 
ometry with all its beauty is one of these 
systems of rhythmic change. Inversion, 
geometry, conformal geometry, and other 
Cremona geometries are also examples. 
The bewildering arrays of forms begin 
to come into order and their relations 
are easily apparent. 

But we have still more extensive 
riches in the motricities of rhythm, for 
we are now in the field of linear opera¬ 
tors, with their fundamental functions. 
This gives us the power to handle wave- 
mechanics, and in fact wave-mechanics 
is in essence the study of the rhythms 
of the so-called ^-functions of modern 
physics. But again what the mathemati¬ 
cian studies is infinitely more than the 
physicist can use. The creative ability 
of the spirit of man finds its outlet in 
the creation of ideals. And in the proc¬ 
ess much knowledge which was consid¬ 
ered valuable is swept away, for that 
which in modern times is worth saving 
in these outflowerings of the spirit i$ 
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more far-reaching in its usefulness, 
more condensed, more generalized, more 
suggestive. 

IV. Obder 

Another element in the structure of 
beauty we call order. Order was early 
in its appearance to man. When he 
studied a square, he found that all the 
angles at the corners were alike. The 
diagonals had the same length. They 
crossed each other, making angles like 
those in the corners. Also, if he made 
squares on the three sides of a right tri¬ 
angle, that on the hypotenuse could be 
made exactly out of pieces of the smaller 
squares on the sides. Diagram after 
diagram was investigated, and the col¬ 
lection of theorems they found was put 
together by Euclid. Geometry it was 
called, for it could be used in surveying. 
But this practical side was scorned by 
the real artists. When a student who 
had learned a new theorem in Plato's 
Akademe asked what use he could make 
of it, the master called a slave and said: 
4 4 Give him two-pence, since he must 
make money out of what he learns. M 
They considered the various forms of 
order they discovered as sacred, and not 
for the common herd of human cattle. 
These subtle connections in figures be¬ 
came more and more elaborate as time 
passed. Perhaps we should end the 
Greek geometry with the investigation 
of Apollonius on the figure made by cir¬ 
cles tangent to three given circles. 
When another young French genius, 
named Pascal, discovered the famous 
theorem bearing his name, he had an 
order which includes all the properties 
Of conic sections. If we select any six 
points on an ellipse arid number them in 
any way, 1,2, 3,4, 5, 6, then join 1,2 and 
4,5 and find where the lines intersect, 
then 2,3 and 5,6, and find the intersec¬ 
tion, and finally 3,4 and 6,1, and find the 
Intersection, the three points of intersec¬ 
tion will always line on a straight line 
called a Pascal line. Since the six points 


can be numbered in sixty different ways, 
there are sixty Pascal lines. These go 
by fours through forty-five points called 
Kirkman points, three on each Pascal 
line. The diagram becomes more and 
more complicated. And we could have 
used a circle or a parabola or a hyper¬ 
bola or even two straight lines in a plane, 
instead of the ellipse, with like results. 

There is order of course in any vision 
of an artist. If we put together tones 
we find both horizontal and vertical 
orders for them. We study this in coun¬ 
terpoint. If we examine an abstraction 
of Picasso's, the colored triangles, rods, 
violins and other forms have an order 
which is the real essence of the picture. 
Stravinsky's compositions might seem 
chaotic, but they have a subtle order. 
Any system of theorems about the prod¬ 
ucts of art may be called the list of order 
patterns found. 

Man reached beyond the world of 
sense again in this region, too. For the 
puzzling parallel axiom ultimately led 
Lobatchevsky to try to see where the 
contradiction would enter if he made a 
geometry in which this assumption was 
left out. The result was startling, for 
much to his surprise and delight, he 
created a new world. One non-Eu- 
clidean geometry had been born, and 
now there are many. It was found that 
psychologically we are built on the non- 
Euclidean plan, and the very simple con¬ 
structions of Euclid were utterly non¬ 
existent for our senses. Many painters 
unconsciously make use of this now in 
what looks like queer perspective and 
outlandish arrangements. However, they 
are giving visible form to ideas in order 
that express new visions of beauty. In 
music, the drama, the dance, we find 
it also. And even in poetry non-Eu¬ 
clid ean arrangements seem to be neces¬ 
sary. Gertrude Stein has experimented 
with many. 

We go further, however, for man is 
not contented with the order he gets 
from a two-way system or a three-way 
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system. He has created four-dimen¬ 
sional geometry, and even has dreamed 
of a universe for himself which is four¬ 
dimensional. He tries to put length, 
breadth, thickness and depth into one 
figure. At any rate, in architectural 
ornamentation Claude Bragdon has 
shown the beauty in traceries that de¬ 
pend on four-dimensional order. The 
relativity theory at first tried to coordi¬ 
nate space as we see it, and the flow 
through time as we feel it, and thus have 
a four-dimensional space-time world. In 
such a world every human life would 
be a complete, finished, predetermined, 
static thing. Our appearance in the 
world of others would be like the figure 
made on the surface of a pond, if we 
should gradually and smoothly draw up 
a solid object from the bottom of the 
pond. And if four dimensions, let us 
also have five, six, a million, an infinity. 

Then, too, these order-relations do not 
have to be seen in space forms. We can 
find them in algebraic expressions as 
related to one another, and it was a bril¬ 
liant day for the mathematical artist 
when Descartes said, “Geometry and 
algebra are one.” Indeed, most geome¬ 
try to-day is the study of algebraic ex¬ 
pressions, in a geometric language. As 
an example of algebraic order, the prod¬ 
uct of sums of two squares is the sum 
of two squares, the product of sums of 
four squares is the sum of four squares, 
likewise for eight squares. 

If we pass from the patterns we find 
for order, to the motricities, the flowing 
types of order, we also have inexhausti¬ 
ble riches. We call these “algebras.” 
When Hamilton saw four worlds of 
rhythms, arranged in the quaternion 
algebra, the human spirit had been lib¬ 
erated into an entirely new universe. 
Equations could now have not only the 
flower-clusters of Galois as solutions, but 
each petal itself became a new world, 
and there were flower-clusters of uni¬ 
verses. Every equation now has but one 
root, very complicated it is true, but 


unity has been restored to the theory. 
And unity is one of the essential ele¬ 
ments of beauty. These hyper-algebras 
have been found in the last decade in the 
problems of physics, and indeed without 
hyper-algebras physics would not have 
solved its problems even in the partial 
manner they have been handled. In the 
simple case of complex numbers, Stein- 
metz pointed out that alternating theory 
could be brought into unity with direct 
theory in their laws, by considering that 
each current, electromotive force and 
impedance was really a single complex 
entity and not two independent entities. 
It is complex algebra that slides along a 
power line, or sings in the radio. And 
hyper-algebra vibrates in the levels of 
the spectral lines which come from Arc- 
turus, Sirius or Antares. 

The artist who combines music and 
mobile-color or music and the dance is a 
hyper-algebraist. Color and tone are 
two qualitatively distinct rhythms, as 
are tone and motion, neither can be 
turned into the other. To unify a com¬ 
position which puts them together de¬ 
pends upon the synthetizing ability of 
the human spirit to make a unit out of 
the expression and is to work in hyper- 
algebraic relations. The modern syn¬ 
chronic arts try to do this difficult thing. 
If they fail occasionally, that means 
nothing. The problem is to succeed even 
once. Then, if we combine music, 
mobile-color, the dance and poetry, we 
have indeed a four-dimensional world to 
live in, and the possibilities of subtle art 
expression are unlimited. We get 
visions of beauty and of infinity and of 
eternity. Ruth St Denis consciously, or 
unconsciously, has some such vision as 
her guiding star. In mathematical 
forms, however, each dimension may be 
turned into any other. And this is the 
complete triumph of this mode of art. 

V. Design 

Another element in the * structure of 
beauty is design. This is the arrange* 
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meat of things, the way they are com¬ 
bined. The series of colors in the rain¬ 
bow is a design. The stars of snow¬ 
flakes are designs. The frost gardens on 
the window-pane are designs. We find 
a design made up of repeated elements 
which are alike, as the ripples that play 
over the surface of a lake, the many 
spirals of the pine cone, the call of the 
whip-poor-will. Or we may find a de¬ 
sign in the fading terms of an arith¬ 
metic series. Design may be combined 
with rhythm, either periodic or ca- 
denced. Or design may occur in a con¬ 
tinuous series. The tangent lines of a 
circle constitute a design, the definition 
being that each is at the same fixed 
distance from the center. The Grand 
Canyon is a design, so is the Painted 
Desert, and so is the uranium atom. 
Clouds execute designs that may float 
across the sapphire sky, or they may 
wind like wraiths through the canyons 
of the mountains. Cloud shadows make 
designs across the slopes. And in 
Georgia O’Keefe's wonderful designs 
the flowing rhythms of wind, water, 
flame and mountains constitutes the pic¬ 
ture. The label is of no importance. In 
the brilliant diagrams of Kandinsky 
color-design is the prominent feature. 
The statues of Archipenko are designs, 
not portraits, and in a large collection of 
mathematical models of surfaces, we 
may find statues much like those of 
Archipenko. When we divest our art 
form of the representative character, do 
not try to imitate objects, undertake in 
short to be abstract artists, then we can 
see design more easily. In the American 
Indian art we have come to appreciate 
this kind of design, often of high order. 
In sheer mufcic we have abstract design 
perhaps for our day at its highest. Ab¬ 
stract art as it is to-day is an emphasis 
on design, whether it be in John G. 
Fletcher’s poetry, in “Pell6as and M61i- 
sande,” in the marvelous dream of Eliel 
Saarinnen for a city building, in an 


abstraction of Duchamp-Villon, in Bus¬ 
sell’s Synchromie Cosmique, in a com¬ 
position of mobile color, in the Fire-Bird 
of Stravinsky, or in an abstract dance— 
poetry and music in motion—in all these 
we find or should find design. In many 
branches of mathematics we are study¬ 
ing purely the structure of design. 

If we consider the points of a circle 
we have a design of points, so for any 
locus of points. If we consider the 
tangents of an ellipse we have a design 
of lines, and so for any envelope. The 
description of the design may be very 
brief, as in the differential equation 
ydx - xdy = 0 we are merely saying: 
Draw all the straight lines in a plane 
that go through a fixed point, like the 
spokes of a wheel. In the equation 
ydx + xdy = 0 we are saying: Draw all 
the equilateral hyperbolas with two 
given perpendicular lines for asymp¬ 
totes. In the equation xdx + ydy = 0 we 
are saying: Draw all concentric circles 
with given center. In the differential 

e *p2 

equation (y - px) 2 = j~^r we are saying: 

Draw the lines which will always have 
a fixed amount cut off between the co¬ 
ordinate axes. They are the tangents of 
the astroid. In polyhedra we have de¬ 
signs, as the polyhedra whose faces are 
equal equilateral triangles, which may 
be the regular tetrahedron, octahedron 
or ikosahedron. If the faces are equal 
squares, the figure is a cube. If they 
are equal regular pentagons it is the 
dodekahedron. In case the faces are 
equal rhombuses, we have the rhombic 
dodekahedron or the triacontahedron. 
In the undistorted crystal, we have poly¬ 
hedra whose faces are all alike. There 
are thirty-two large classes with many 
special cases. All the Archimedes poly¬ 
hedra are designs. If we make a design 
by repeating the elementary crystals, as 
does nature, we find some 230 lattice 
forms. 

If we turn to arithmetic, we may 
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study congruences, which are designs, in 
which all integers are arranged accord¬ 
ing to their remainder when divided by 
the module. With twelve as the module, 
there are twelve residue systems, and of 
these four, namely, those of one, five, 
seven and eleven, constitute a special 
system called the totitives of twelve. 
Their products will always be totitives, 
and the list may be generated from five 
and seven alone. The designs in theory 
of number become very elaborate. 
Higher number theory is on the frontier 
of mathematical evolution. We may 
take congruences of algebraic forms in 
the same way. If the module is x* +1, 
then the residues are all numbers, all 
multiples of x and all forms ax + b. If 
we combine them we call them “complex 
numbers.” All numbers of a residue 
class are equivalent 

If we turn from design patterns to 
design motricities, we find plenty of ex¬ 
amples. The musician creates a fugue, 
which is essentially a design motricity 
from a theme or themes to the various 
forms they are to appear in. If a 
painter repeats a triangle in differing 
colors and shapes, he has a design mo¬ 
tricity. It is not the shapes and colors 
that are important, but the change from 
one to another. Hebrew poetry is 
largely a motricity design, enunciating 
a statement which is repeated in differ¬ 
ent forms to give new suggestions: 

One that ruleth over men righteously, 

That ruleth in the fear of God, 

He shall be as the light of the morning when 
the sun shineth. 

A morning without clouds; 

When the tender grass springeth out of the 
earth, 

Through clear shining after rain. 

In transformation groups we find mo¬ 
tricities, and any mathematical process 
of combination is a motricity design. 

New designs appear in the develop¬ 
ment of any art. For instance, in music 
there were tones, then the tonic, the 


dominant, the subdominant, the major 
chord, the minor chord, augmented 
triads, diminished triads, counterpoint, 
dissonances. The painter learned how to 
make color vibrate, and even tried to 
show motion, as in the famous “Nude 
descending a staircase. ’ ’ In the dance & 
new expression for the mystic’s ecstasy 
was created, and the rapture of the wor¬ 
shipper of beauty. In mathematics were 
created non-Archimedean number, in¬ 
finitesimals—the monads of Leibniz— 
algebraic fields, automorphic functions, 
discontinuous functions, nilpotent alge¬ 
bras. What must be created next iB a 
mathematics of consciousness, a theory 
in which x does not represent a range of 
values but a range of overlapping 
moments. 

The general theory of rhythm is ab¬ 
stract arithmetic and abstract groups; 
the general theory of order is abstract 
geometry and abstract hyper-algebra; 
the general theory of design is abstract 
tactic and abstract algorithms; and for 
the next element, the general theory of 
harmony is abstract logic and abstract 
dialectic. 

VI. Harmony 

We consider the fourth element of the 
structure of beauty—harmony. On the 
purely knowledge side it is called con¬ 
sistency. Those harmonies in ideas 
which we perspicate as worth preserving 
we call propositions. From these we 
arrive at concepts, relations, classes, and 
as one of the very large branches of 
mathematics—logic. So important a 
part is it that in 1901 Bertrand Bussell 
went so far as to assert that mathe¬ 
matics is symbolic logic. And for some 
two decades this simple assertion was so 
pleasing to the esthetic sense of mathe¬ 
maticians it was often adopted as the 
final statement of what mathematics is. 
But the statement has been shown so 
often to be inadequate that new defini¬ 
tions have been expressed. Indeed, it 
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is so far incorrect that we must assert 
that in place of mathematics being logic, 
symbolic logic is only one phase of 
mathematics. This is all the more evi¬ 
dent when we look at the new logics 
created in the last decade. “To be or 
not to be” is no longer the list of pos¬ 
sibilities, for it must read now, “to be 
or not to be or to—what?” Brouwer’s 
work along these lines is very new, and 
not yet widely read. We still do not 
consider as harmonious being and non- 
being, but as a choice between them there 
are other alternatives. The dichotomy 
and law of excluded middle of Aristotle, 
which held the world so long in fetters, 
are now seen to be but one way of think¬ 
ing, and the human spirit is creating 
new ways. What this may mean philo¬ 
sophically is for the future to work out. 
The law of identity too is gone, and no 
thing or event is ever again what it has 
once been. The saying of Heraclitos 
many centuries ago is seen to be true: 
“I can never step into the same stream 
twice.” 

Consistency is in a curious situation, 
for there is no test, no criterion, of con¬ 
sistency. We have not noticed so far 
any inconsistency in ordinary Euclidean 
geometry, for an instance, but what the 
future may bring forth we do not know, 
and the entire structure may some day 
be seen to be consistent only under con¬ 
ditions not yet Btated. There is no cri¬ 
terion for harmony either. What is in¬ 
harmonious to one age or one people is 
harmonious to another. Even Schoen¬ 
berg’s dissonances produce a harmony 
not thought of before. The universe in 
.short is evolving, that is, changing from 
time to time, and place to place, and 
man is evolving and acquiring new in¬ 
tuitive power. Indeed, we find the solu¬ 
tions offered by poets, prophets and 
artists for the desperate problem of evil 
are solutions which practically say that 
there is really only harmony in the world 
and what we call evil is a kind of har¬ 


mony we have not yet come to see 
through. It is part of a design we do 
not comprehend. But harmony was 
recognized away back in Pythagoras * 
time as one of the most desired goods; 
indeed, he says that when we appreciate 
harmony we shall become as gods. 

That we can learn to see deeper har¬ 
monies we might exemplify in this way. 
If we consider a circle, we see of course 
that every point on it is at the same dis¬ 
tance from the center as every other 
point. This is harmony. But if we 
project the circle, that is, take its shadow 
as it is held in different positions in 
front of a brilliant point of light, the 
circle becomes an ellipse or a parabola 
or a hyperbola, and the center becomes a 
point which is no longer center for any¬ 
thing. The harmony remains, however. 
The trouble is with our first statement. 
For if we avoid the word distance, and 
substitute terms from projective geome¬ 
try, the center being the pole of the line 
at infinity, then we see that all state¬ 
ments remain unchanged. If we call the 
center the intersection of conjugate 
diameters, the new statement is the 
same. The harmony remains, but it 
must be seen from a more exalted stand¬ 
point. 

We must consider harmony mo tricities 
too, and on the consistency side they are 
the modes of inference we use, the pat¬ 
terns of deductions, whether ordinary 
inferring or such subtle inferences as 
those Fermat used so effectively three 
centuries ago. The essence of these, 
commonly called “mathematical induc¬ 
tion,” is simply the intuition of that 
part of a set of particular facts, which 
remains independent of other parts. To 
use James’s example, if I say that on a 
Royal Baking Powder can, the wrapper 
has a picture of a Royal Baking Powder 
can, then I know at once that inside that 
is another picture, and another, and so 
on to any extent Or again the lines that 
connect in succession the midpoints of 
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the sides of a rectangle make a rhombus, 
and the lines that connect the midpoints 
of the sides of a rhombus make a rec¬ 
tangle; therefore, if I continue drawing 
such lines I will forever have a rectangle 
or a rhombus. The edges that join the 
centers of the faces of a cube make an 
octahedron, and the edges that connect 
the centers of its faces make a cube. 
Hence the conclusion. But we can go 
further, and state that in a certain fig¬ 
ure we have drawn with yellow crayon 
and labeled an isosceles triangle, the 
equality of the sides demands as harmo¬ 
nious the equality of the two base 
angles. And since this fact is indepen¬ 
dent of the size of the triangle, or its 
particular shape, or its color, we may 
say that in any isosceles triangle the 
base angles will be equal. It is easy to 
see that most mathematical reasoning is 
of this intuitive and we may say, Ferma- 
tian character, which was pointed out 
some years ago by Poincare. 

As an example of what is meant here 
by harmony motricity we can cite the 
symphony in music. It is a composition 
of many parts, very elaborate sometimes, 
yet all in harmony. In grand opera we 
have another example. The theory of 
rational mechanics is another case, very 
largely ideal, and treating of situations, 
forces, and laws not known to exist in 
nature, but so harmonious a system that 
physicists were very reluctant to dis¬ 
pense with it, and even yet cling to Ham¬ 
ilton’s principle as the one key to all 
modern relativity physics. 

One of the most magnificent attempts 
at the production of harmony in mathe¬ 
matical subjects is shown in the late E. 
H. Moore’s “General Analysis.” For 
several years he worked on this unifying 
theory, and in the course of time all his 
researches will be published. It brings 
together in a mathematical symphony 
every part of analysis, so that we deal 
with a finite number of variables, a de¬ 
numerable number, or & non-denumer- 


able infinity, all at the same time. It 
uses matrix theory for explaining any 
type of integration; and rationality do¬ 
mains, hypercomplex domains, func¬ 
tional domains, all appear to play their 
roles. 

VII. Conclusion 

We now return to the original ques¬ 
tion: What is mathematics! We are 
able to say that in the spirit of man, a 
living, constantly changing, elusive en¬ 
tity, there are elements which produce 
art and knowledge. If we study what 
they produce, we find that it is called 
beauty, and contains elements which we 
may consider either from the living, 
dynamic side as elements in the struc¬ 
ture as viewed by the artist; or we may 
look ait them from the static side, as 
knowledge, and name them rhythm, 
order, design and harmony. Mathemat¬ 
ics is, on the artistic side, a creation of 
new rhythms, orders, designs and har¬ 
monies, and on the knowledge side, is a 
systematic study of the various rhythms, 
orders, designs and harmonies. We may 
condense this into the statement that 
mathematics is, on one side, the qualita¬ 
tive study of the structure of beauty, 
and on the other side is the creator of 
new artistic forms of beauty. The mathe¬ 
matician is at once creator and critic, not 
always, of course, in the same person. 
It is well known that Sylvester, Klein 
and PoincarS were great creators, and 
not much interested in the critical side. 
Cayley, Hilbert and Picard were mag¬ 
nificent examples of the critical side. 
Sylvester never knew in a new set of lec¬ 
tures where he would go. Klein was the 
despair of Hilbert with his flashes of in¬ 
tuitive creation, using any medium for 
expression that met his fancy. Poincarfi 
always attacked his work with the intui¬ 
tive eye. But in all great mathemati¬ 
cians from Pythagoras to Poincar6 we 
find the artist character combined in 
varying degree with the scholar char¬ 
acter. 
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We may also now answer the second 
question: Why should mathematics in¬ 
terest more than a few? Mary Austin 
in her 4 ‘Everyman’s Genius” advises all 
creative artists to study higher mathe¬ 
matics, so does Havelock Ellis. Not of 
course for the mere scholarship involved, 
not for the keen intelligence it will pro¬ 
mote, but for the high order of imagina¬ 
tion it will demand, for the incisive 
artistic insight it will generate. If, for 
instance, one studies only the fields in 
algebraic number which are super- 
quadratic, having groups of order 2 N , he 
will learn new things about beauty. If 
he studies only the field of symmetric 
algebraic forms he will be charmed with 
its elegant beauty. The algebra of de¬ 
terminants is a beautiful garden, open 
on every side to expansion, as one may 
see in Metzler’s treatise. If he finds 
some new theorems in the geometry of 
the triangle, he will be thrilled with their 
beauty. Merely to know of the trans¬ 
versals of a triangle, the Brocard points 
and Brocard circle, the Lemoine circle, 
the nine-point-circle, the Tucker circles, 
the isotomic lirr*s, the isogonal lines and 
other figures, will bring new beauty to 
the imagination. In theory of numbers 
Fermat’s last theorem awaits its proof, 
and will crown with glory the one who 
gives the proof. Dickson’s division alge¬ 
bras furnish a very interesting and prof¬ 
itable realm for new theorems. Why 
extend the list? It is endless. 

Many mathematicians have been ar¬ 
tists in other ways. Some wrote poetry, 
some composed music. The inquiry con¬ 
ducted several years ago into mathemati¬ 
cians’ activities found that most of them 
were seriously interested in some phase 
of art. And ihost of them reported that 
their discoveries or creations came just 


as do the inspirations of artists in other 
lines. The mathematician dreams, and 
in his dream an elusive spirit goes in and 
out; floats in the mist, and vanishes; 
glides back at unexpected moments, but 
slips away from the hand that would 
grasp her; reappears in an intricate 
dance, and phantasmal play of color; 
disappears; and one day steps out to 
clasp the hand that has awaited her, 
with Rummer’s ideal numbers for a gift. 
The mathematician dreams and in the 
spinning chaos fairy flowers in fantastic 
forms bloom and vanish; mists wind 
through them with birds flashing now 
and then; strains like Debussy’s noc¬ 
turnes are faintly heard; a seething, 
bewildering multitude of forms are 
created out of the void, they drop back 
into the void; and then in one rapturous 
moment a new form appears, superbly 
beautiful, and Prospero’s wand is held 
stationary to bid the cloud-castle, the 
flowers, the wild birds, the haunting 
music, the spirits of light and beauty 
stay, and a new branch of mathematics 
is born, the linear associative algebra of 
Benjamin Peirce. This is an enchanted 
land, and the city, like Hugh Ferriss’ 
“Metropolis of Tomorrow,” is, in Ten¬ 
nyson’s words, “built to music, therefore 
never built at aid, and therefore built 
forever.” It is a world that knows no 
second law of thermodynamics, a world 
that guarantees to man his creative na¬ 
ture, his eternity of time, his imperish¬ 
ability. Here grows the ash-tree 
Yggdrasil, supporting the universe, its 
roots in nature, its trunk of the fibers of 
logic, its foliage in clearest ether of in¬ 
tuition, its inflorescence the living im¬ 
agination. In this land of enchantment 
the queen is beauty, who turns men into 
gods. 
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The human animal is an incurable 
romantic. Other animals seem to view 
life rather objectively, taking it as it 
comes and for what it seems to be, but 
man prefers to view it subjectively, 
painting it over in his favorite gay or 
somber colors, dramatizing it, and in 
one way or another transforming the 
spectacle and action into something be¬ 
fitting the animal which lives at the cen¬ 
ter of the universe and is the most im¬ 
portant of created things. Through his 
animistic romanticism he achieves his 
religion, by chivalrous and gallant 
romanticism he elevates passion or the 
routine of marriage to the status of love, 
and by an admixture of hero worship 
and fetishism he formulates his govern¬ 
ments. 

This passion for romanticism in our 
personal life has some desirable aspects. 
In its religious phases it has taken form 
in some commendable ethics and some 
noble architecture, painting and sculp¬ 
ture. In the field of individual emo¬ 
tions, it leads to pleasant relationships 
and the works of Lucian and Cabell. In 
personal matters, the right to romance 
and romanticism is well within our cir¬ 
cle of personal rights. But in govern¬ 
ment romanticism expresses itself, only 
too clearly as regards the comfort and 
safety of mankind, in democracy, autoc¬ 
racy, aristocracy, dictatorship and simi¬ 
lar romantic ideology. 

It must be admitted that in all proba¬ 
bility the romanticism which has colored 
all government from ancient times to 
the present was and still is inevitable 
and inescapable. The reasons for a 
human behavior that is world-wide and 


rooted in the ages must be real, pro¬ 
found and convincing. But at this time 
I challenge the necessity for continuing 
to regard government from a romantic 
point of view. 

Prom the romantic point of view, gov¬ 
ernment is a matter of politics, state¬ 
craft, diplomacy, principles, tradition, 
leaders and similar components. All 
these things can be defined objectively, 
and all are rich in connotation and 
prone to arouse warm emotional reac¬ 
tions. To one man democracy is a 
fetish, and dictatorship an abomination; 
to another man dictatorship is a fetish, 
and democracy an abomination. Such 
emotional reactions have carried govern¬ 
ments through alternate cycles of one 
thing and another, but there is little 
profit in the alternate testing and dis¬ 
approving of this and that. 

It is proposed here to examine the 
concepts of government somewhat briefly 
and critically, not to settle anything 
whatever, but to present a point of view 
which is seldom utilized in considering 
governments. Briefly, we think that 
governments are not good subjects for 
romantic treatment, that romantic ideas 
of government obscure facts that are 
self-evident except to romanticists, and 
that an existing move towards unro¬ 
mantic government, a move not gen¬ 
erally recognized, should be given con¬ 
sideration as offering something more 
fitting for modern times and present- 
day needs. 

To make clear the distinction between 
romantic and unromantic concepts of 
government and to provide a back¬ 
ground for discussion, we define unro- 
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mantic government as the conduct of 
the communal business, government that 
attends to such business as is not at¬ 
tended to by individuals or non-govem- 
mental groups, such business as the com¬ 
monplace routine of public works, roads, 
taxes and public health. If we look at 
government in this light, we can regard 
it as a matter calling for the employ¬ 
ment by the state, whether the state be 
federal or town in scope, of persons well 
informed and well trained in such sub¬ 
jects as public works, roads, taxes and 
public health. This simple and unro¬ 
mantic view of government is remote 
from the accepted views, and we pro¬ 
ceed to take issue with those views. 

One of the romantic elements of gov¬ 
ernment is the entire concept of politics. 
It finds romantic expression in the 
American devotion to a two-party sys¬ 
tem, supposedly expressive of the Gil¬ 
bert and Sullivan concept that “Every 
boy and every gal that's born into the 
world alive is either a little liberal or 
else a little conservative . 99 How true 
this concept of a right and left wing 
may be can be judged by the national 
political platforms of our leading parties 
in 1928, when the left wing, not un¬ 
naturally, proved to be a mirror image 
of the right wing. 

The romantic American sees nothing 
incongruous in selecting as mayor of a 
city a Democrat or a Republican at a 
time when a Democrat is defined as a 
believer in tariff for revenue, and a Re¬ 
publican as a believer in a protective 
tariff. Obviously, one's tariff beliefs 
have nothing to do with judging whether 
Main Street should be repaved, nor does 
a mayor vote on tariff legislation, but to 
the romantid American that does not 
matter. 

Romantic government deals in emo¬ 
tionalism, in patriotism exemplified in 
ritual, ceremony and formula, in inter¬ 
national hatreds, in the reform of its 
citiaenry by Mann, acts, Volstead acts 
and similar noble experiments and acts 
of faith in unbelievable things. 


The smart politician is not in the least 
deceived in this matter. Voters may 
think that there is a principle at stake 
in local elections on a national party 
basis, but the shrewd politico knows that 
the thing at stake is the question of who 
gets the office and influence, and, too 
frequently, who gets the concessions, 
graft and other perquisites. The smart 
business man realizes that in a world of 
romanticists government will control 
business or business must control gov¬ 
ernment, so he and the politician have 
an understanding from which romanti¬ 
cism is eliminated. 

Another priceless pair of romantic 
concepts is that of statecraft and di¬ 
plomacy. These elements of grand strat¬ 
egy are eternally conjoining with the 
military forces to seize some Alsace- 
Lorraine and thereby sow the seeds of 
new wars, all of them destructive to 
winner and loser alike. Their smartest 
achievements of to-day are seen in some 
not remote to-morrow to be stupid and 
vicious, and it is difficult to find in the 
long list of statesmen and diplomats any 
whose judgment and achievements have 
had historical justification. 

Traditions are the special heritage of 
romantic government. Many of them 
are immensely valuable to the stage, the 
movies and literature, since it is unde¬ 
niably fascinating to find in such places 
as London the endless picturesque doing 
of elaborate things for no reason other 
than that these things were done a thou¬ 
sand years ago for reasons long ago for¬ 
gotten or no longer applicable. As a 
spectator one can approve these things 
almost whole-heartedly; as a citizen one 
could ask that they be transported from 
the field of government to the field of 
histrionics, where they belong. Tradi¬ 
tions ennoble not merely the gaudy and 
useless, but also the preposterous and 
iniquitous. They tie us with the fetters 
of dead men, dead beliefs, dead emo¬ 
tions. They close the avenues to change, 
experimentation and progress, and force 
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on the unromantic element of govern¬ 
ment the role of iconoclast. 

At this time the world is in a mad 
search for leaders, and the supply of 
leaders is, as usual, quite equal to the 
demand. Leaders are such a simple 
solution for a lot of baffling problems. 
They answer all the moronic demands 
of bewildered minds for a Moses to lead 
them to some Promised Land, for a 
magician who can solve all problems, na¬ 
tional and international, by the magic 
of personality and leadership. It is a 
comforting idea to romanticists, who 
find that thought is conducive to head¬ 
aches, and hard work productive of 
backaches. The history of the world’s 
leaders shows that if the mob will fol¬ 
low, leaders will lead them somewhere, 
but not to the land of heart’s desire. A 
Peter the Great may learn ship-building 
and lead in that art a people that are 
not ship-builders, but in general the 
political romanticist wishes nothing so 
simple and so difficult. He wishes lead¬ 
ers of an inspirational sort, who by in¬ 
spiration know the answers to the ques¬ 
tions of tariff, coinage, transportation, 
communication, immigration, interna¬ 
tional trade and such bagatelles of gov¬ 
ernment. The realist in government 
does not wish to be led; he wants 
trained, capable, intelligent, honest pub¬ 
lic officials who will attend to the public 
business. 

Among the romantic concepts of gov¬ 
ernment is democracy. Democracy is 
too valuable to be subjected to the fetish- 
istic treatment of romanticists, for this 
sort of treatment endangers the exis¬ 
tence of realistic democratic govern¬ 
ment. Democracy has this valuable 
characteristic: It ensures individual 
safety as no other forms of government 
have ensured it, and on that one score 
alone democracy should be saved from 
its friends and its foes alike. It is no¬ 
torious that democracies have often 
proved inefficient, but thousands of 
years of dangerous autocracy of one 


sort and another have driven nations to 
democracy. All Latin America knows 
that when dictators have destroyed the 
machinery of democracy elections must 
be by revolution, and that revolutions 
are the inevitable sequel to dictators. 

Nevertheless, we have the swing to the 
romantic concept of the ancient cult of 
the dictator, the Man on Horseback. It 
is astounding to have in modern times 
this recrudescence of belief in the Able 
Man, with its flavor of divine right of 
kings, of the law of 16se majeste, its sup¬ 
pression of opposition, criticism, alien 
groups and the like. To a realist there 
is nothing surprising in a band of vi¬ 
kings hailing as leader their best fight¬ 
ing man, for theirs was a government 
that dealt in war; these men were real¬ 
ists, the greatest warrior was their ex¬ 
pert in government, and he gave them 
precisely what the realist wishes, expert 
government. To-day, the dictator is an 
anachronism, the skeleton of an ancient 
realist dug up by romanticists and set 
to rule over romanticists. Your hero 
worshipper has the faith of all romanti¬ 
cists, the faith that a dictator can know 
all the complex business of government. 
To a realist it seems evident that dicta¬ 
tors are too small for the large job of 
government, and too impermanent for 
its long-time needs. 

It is said that dictators are efficient. 
To this assertion the realist may cock an 
incredulous ear. It is admitted that dic¬ 
tators have the unimpaired authority to 
do things that their title implies. It is 
admitted that they do the things they 
wish to do. But it is not admitted that 
doing what one wishes to do is efficiency. 
A child may break its toys quite pains¬ 
takingly, and not be efficient or admir¬ 
able. Efficiency in government implies 
not only that tilings are done but that 
these things are desirable things and are 
for the general welfare. On any such 
basis we note that dictators, unpredict- 
ably, may do preponderantly good 
things, or preponderantly bad things, 
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or, as in the case of Napoleon, may bal¬ 
ance a Code Napoleon and some good 
roads against devastating wars and 
‘‘forty battles won.” On the whole 
their record of efficiency is little, if any, 
better than that of democracies. Against 
any efficiency dictators may exhibit, we 
set the fact that the dictator is danger¬ 
ous to the life, liberty and happiness of 
the citizens he governs. He imposes on 
them the necessity of agreeing with him 
or suffering, a thing for which only a 
romanticist can hurrah; your realist in 
government, who believes the whole 
greater than any of its parts, finds this 
a droll concept of a government attend¬ 
ing to the communal business by mold¬ 
ing a nation in the form of one of its 
citizens. One can see the workings of a 
dictator to very great advantage in the 
small-scale operations of a Latin-Amer- 
ican country, and having seen it on such 
a small scale the realist will not wish to 
see it on a larger scale. The romanti¬ 
cist, of course, will continue to find Diaz 
of Mexico, Emiliano Chamorro of Nica¬ 
ragua and Machado of Cuba admirable 
dictators, just as he finds Caesar, Tamer¬ 
lane, Napoleon, Mussolini, Stalin and 
Hitler admirable dictators. As indi¬ 
viduals these men may have great charm 
and ability, but the unromantic realist 
will look askance at all dictators as dic¬ 
tators. 

As a realist in matters of government, 
I speak now for unromantic government. 
For a quarter of a century I have par¬ 
ticipated in the unromantic government 
of the United States, and, at the same 
time and at close range, have been a 
spectator of the romantic government. 
During that time romantic government 
has been represented in the White 
House by the strenuous Teddy Roose¬ 
velt, the judicial Taft, the scholarly 
Wilson, the genial Harding, the calm 
Coolidge, the engineer Hoover and 
Franklin Roosevelt, whom history will 
characterize better after all the returns 
are in. It is sufficient to name these 


men, to recall their characteristics and 
the manner and reasons of their acces¬ 
sion to power, to see how romantic gov¬ 
ernment functions. Do you recall how 
up to a certain March fourth, each of 
them was to almost half our citizens the 
embodiment of all objectionable things, 
and how after that certain date each be¬ 
came imposing, oracular and incredibly 
important ? This is magic, the magic of 
the romanticists. 

And in the same period, who consti¬ 
tuted the unromantic government ? Dur¬ 
ing that period the unromantic govern¬ 
ment consisted of bureau chiefs, division 
chiefs, editors, scientists, physicians, 
veterinarians, lawyers, officers and men 
of the army and navy, clerks and other 
workers. You probably know little 
about the personnel of this unromantic 
governing group, but you may recall 
Goethals, Gorgas, Reed, Carroll, Asaph 
Hall, Peary, Byrd, Stiles, Walcott, 
Stratton, Galloway, Taylor, Mohler, 
Harvey Wiley, Gifford Pinchot, L. O. 
Howard, Goldenweiser, Durand or At¬ 
water as some of the distinguished rep¬ 
resentatives of unromantic government. 

And what did these realists in govern¬ 
ment do? They proved that yellow 
fever was carried by mosquitoes, they 
drove yellow fever from the Isthmus of 
Panama, and they built the Panama 
Canal; they lessened the incidence of 
amebiasis, malaria and hookworm dis¬ 
ease ; they developed high-frequency 
radio communication; they gave over 
5,000 bearings a month to merchant 
ships to make navigation safer; they de¬ 
vised the sonic depth-finder for rapid 
surveys of ocean depths; they invented 
smokeless gunpowder; they provided 
precise time for surveying, astronomy 
and gravity determinations; they pub¬ 
lished the Nautical Almanac and Amer¬ 
ican Ephemeris / they conquered the 
North Pole and the South Pole; they 
brought relief to sufferers from pellagra 
and Rocky Mountain spotted fever; they 
developed the anticlinal theory and the 
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carbon ratio theory for the use of the 
petroleum industry; they devised a sys¬ 
tem for the blind* landing of aircraft; 
they supplied data for ventilating the 
Holland Tunnel; they built the tide¬ 
calculating machine which, with one 
operator, does the work of 70 mathema¬ 
ticians and saves $150,000 in salaries 
annually; they developed disease-resis¬ 
tant plants; they introduced durum 
wheat into this country; they synthe¬ 
sized ammonia directly from hydrogen 
and nitrogen to make fertilizers; they 
developed control measures for dust ex¬ 
plosions and lowered insurance rates; 
they found a method of making furfural 
for 10 to 17 cents a pound instead of 
$30 a pound; they found that Southern 
cattle fever was carried by the cattle 
tick, and they drove the tick from over 
89 per cent, of it* range and are driv¬ 
ing it from the parts of those states 
where it makes its final stand, saving 
$40,000,000 annually for a total cost of 
less than $40,000,000; they developed a 
treatment for human hookworm disease, 
and for hookworm disease and heart- 
worm disease in your dogs; developed 
the hog cholera serum which saves mil¬ 
lions of dollars worth of swine annually; 
they protected you from adulterated 
foods and inert drugs; they inspected 
your meats; they compelled the adop¬ 
tion of safety devices on railroads, ships 
and airplanes for your protection; they 
supplied expert information on finance, 
tariffs and similar subjects; and in a 
thousand ways they carried out the com¬ 
munal business, the work of the United 
States Government, the unromantic gov¬ 
ernment that is overshadowed by the 
more gaudy and vocal romantic govern¬ 
ment. 

The personnel of this unromantic gov¬ 
ernment is selected by Civil Service 
competitive examination on the basis 
of education, experience, training and 
knowledge. Any one of several qualified 
persons at the top of a list may be ap¬ 
pointed to a position, but all these per¬ 


sons are qualified. Compare this with 
our romantic government, elected on a 
platform of ballyhoo, favorite sons, 
stupid slogans, election promises, vilifi¬ 
cation, innuendo, such magical cantraps 
and abracadabras as will most certainly 
enchant the romanticist, and such doo¬ 
dads, dingbats and thingumabobs as will 
delight the grown-up children. Does 
this system secure qualified persons f 
Perhaps it does in your party, but it 
quite obviously does not in the other 
party. 

The unromantic government is expert 
government. In the list of names given 
here are many of men who are rated as 
the best or among the best in the world in 
their field. Most of them had this rating 
when they were being paid from $1,400 
to $5,000 a year. How many Congress¬ 
men selected on the romantic basis of 
politics are the best or among the best 
in the world in their field! How many 
have an expert rating in any field t Off¬ 
hand I recall a few, such as Senator 
Copeland, an expert on public health, 
this rating dating back to the days when 
he was part of New York City’s unro¬ 
mantic government, and Senator Glass, 
an expert on banking. 

But, you may ask, what of it! "We 
have two kinds of government; granted. 
So what! I answer: Why not abolish 
the romantic methodology and substi¬ 
tute the unromantic! How! Continue 
to substitute the professional non-polit¬ 
ical type of government for the political 
non-professional type, and keep on until 
the professional type is carrying on all 
the nation’s business instead of sharing 
it with the political type. How could 
this be done! By the extension of a 
sound civil service or other merit system, 
gradually encroaching, as it has in the 
past, on the field of the spoils system, 
of the political henchman and of polit¬ 
ical nepotism, until romantic govern¬ 
ment is replaced by unromantic govern¬ 
ment. We should lose nothing from our 
romantic selections except the incompe* 
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tents, as the competent would be more 
certain of selection under a merit system. 

Does this seem difficult! It is no 
more difficult to hold a Civil Service ex¬ 
amination for a sheriff than for a geol¬ 
ogist, for a judge than for a psycholo¬ 
gist, for a congressman than for an 
economist, for a president than for a 
sociologist. Let us grant that you can 
name a half dozen presidents, selected 
by romanticist measures, whom you re¬ 
gard as highly competent presidents; 
you can also name a half dozen whom 
you regard as highly incompetent. Un¬ 
romantic government would retain all 
the safety of democracy by allowing the 
electorate to vote for presidents, but 
would eliminate the inefficiency of de¬ 
mocracy by limiting the candidacies to 
qualified candidates only, so that regard¬ 
less of who was elected the president 
would be a qualified person. Such a 
system would not get ideal executives, 
but it would eliminate preposterous per¬ 
sons from the presidency, governorships 
and mayoralties. It would ensure that 
judges were competent in judicial mat¬ 
ters, and that legislators knew some¬ 
thing of law-making and were never 
elected merely as good fellows, hand¬ 
shakers and donors of cigars. 

The objections that will occur to you 
are easily foreseen. Some persons with¬ 
out education, training or experience, 
but with qualities of leadership, would 
be disqualified. However, the unro- 
mantic realist will refuse to weep if 
there is never again a Jackson in the 
White House. Jackson fitted his era, 
but the era is over and we face com¬ 
plicated problems through which no 
amount of hard-headedness can butt a 
way. Courage alone will not solve bank¬ 
ing and monetary problems. 

Another objection is that this unro¬ 
mantic government is merely bureau- 
eracy under another name. There would 
be good grounds for this objection. Bu¬ 
reaucracy is government by bureaus, ac¬ 
cording to definition, and on this basis 


you have bureaucracy already, since a 
half million persons, from admirals, 
generals and bureau chiefs to the dough¬ 
boys, gobs, mail carriers and messengers, 
quietly carry on your bureaucratic gov¬ 
ernment twelve months in the year, 
while your romantic government puts 
on its lesser and noisier show for a small 
part of the year and then joyfully 
rushes home to take up its more serious 
occupations. 

But bureaucracy may have an un¬ 
pleasant connotation, and this unpleas¬ 
ant term is defined as officialism 
with officials endeavoring to concen¬ 
trate power in their individual bureaus. 
Speaking as a bureaucrat, in the sense 
of an officer in a government bureau, I 
note that in the government bureaus one 
finds about the same variety in ambition 
that one finds elsewhere, some officials 
being satisfied with small organizations 
and some desiring large organizations. 
There is little damage evident in either 
case, but it is evident that a too small 
organization may be inadequate for the 
demands made on it, just as a large or¬ 
ganization may be too large for the de¬ 
mands on it. 

But, you may say, bureaucracy im¬ 
plies offlciousness. Admittedly, we oc¬ 
casionally meet with officiousness, usu¬ 
ally on the part of lesser and relatively 
unimportant persons, among bureau¬ 
crats as among bankers and ribbon 
clerks. Officiousness is a nuisance, and 
nuisances are objectionable. But if we 
weigh the nuisances of our unromantic 
government against the dishonesty of 
some romantic administrations, the stu¬ 
pidity of some others and the danger 
from fanatical legislation in some others, 
we must See the officiousness of a minor 
bureaucrat as the least of the evils 
named. 

In the high but not so far-off days of 
the spoils system, when all American 
politics was romantic politics, one sec¬ 
tion of the government service was 
known -as The Harem, and there were 
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Congressmen’s lady friends who were 
paid as artists, although they never 
drew anything except their salaries. 
Finally, a disappointed office-seeker 
shot a President, and a Civil Service 
that should have been born earlier of 
common sense and realism was born of 
anger and grief. The political romanti¬ 
cists provided that the unromantic gov¬ 
ernment it had created must keep out of 
the romantic side of government. Why ? 
Because political romanticism was ruin¬ 
ous to efficiency and unbiased honesty. 
It was not noticed at the moment that 
political romanticism is quite generally 
ruinous to efficiency or honesty or both, 
and not merely in the civil service. It 
is, of course, as ruinous in a legislative 
body as it is in a scientific laboratory. 
A really able legislator, La Guardia, has 
said: “The most humble research scien¬ 
tist in the Department of Agriculture is 
at this time contributing more to his 
country than the most useful member of 
Congress.” If this is even partially 
true, it is because the selection of legis¬ 
lators on a romantic basis can be de¬ 
pended on to turn up very few La 
Guardias, whereas a merit system of se¬ 
lection, such as the Civil Service, can be 
depended on to turn up qualified per¬ 
sons with great regularity. 

By virtue of the prohibition of activ¬ 
ity in the field of romantic government, 
and by virtue of residence in the Dis¬ 
trict of Columbia which deprives them 
of their right to vote and ensures that 
they will be taxed without representa¬ 
tion, the Washington representatives of 
our unromantic government may be said 
to have been deprived of their political 
rights. Now, there is no fetish more 
dear to political romanticists than polit¬ 
ical rights. Undoubtedly they are im¬ 
portant. But just what are our political 
rights? Are they what the political 
romanticist thinks they are? Are they 
the right to shout and write for this, 
that or the other action on subjects of 
which the romantics know little or noth¬ 


ing, and ultimately to vote for persons 
with whom they agree and who likewise 
know little about these subjects? Ap¬ 
parently they are just these things. 
And is this important or valuable? 
Was all the oratory and ink that went 
into the McKinley-Bryan campaign of 
1900 of any more value and benefit than 
the concurrent debate as to whether the 
century began in 1900 or 1901? Was all 
the Coolidge-Davis debate and contro¬ 
versy of more importance than the ques¬ 
tion : How old is Ann ? 

There are certain personal rights 
which are of value. One is the right to 
be safe in one’s person, liberty, property 
and freedom of expression within the 
bounds of law and of consideration for 
the rights of others. If this right is 
important, dictatorships of all varieties 
are intolerable. There are certain polit¬ 
ical rights which are of value. One of 
them, not generally recognized, is the 
right to have only qualified persons ap¬ 
pointed to office or presented to the elec¬ 
torate as candidates for office. This is 
a very different thing from fetishistic 
democracy and all other forms of polit¬ 
ical romanticism. Political romanticism 
allows one to appoint officials and to 
vote for candidates regardless of quali¬ 
fications, and the right to do this is a 
highly cherished right of fetishistic de¬ 
mocracy. In religion one must have the 
right to go to hell if one does not wish 
to go to heaven, but that is a personal 
matter. No such option should be toler¬ 
ated in government. In the field of poli¬ 
tics we can maintain our personal rights 
only by maintaining the community 
rights, and it is a violation of the com¬ 
munity rights to permit unqualified per¬ 
sons to govern. 

Hence we may say that our Washing¬ 
ton representatives of unromantic gov¬ 
ernment have been deprived of nothing 
of value in not being allowed to vote for 
Tweedledee instead of Tweedledum, or 
for a second-rate orator instead of a 
third-rate orator, or for any of the other 
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offerings of political romanticism. How¬ 
ever, they have been deprived of the 
right to have only competent persons ap¬ 
pointed or presented to the electorate, 
and this is a serious matter, as it exposes 
them and the majority of our citizens, if 
not all of us, to the stupidities and 
iniquities of incompetent romanticism. 

For a couple of years, we of the 
bureaucracy have been under fire from 
the romantic politicos and the business 
magnificos. Having discussed the polit¬ 
icos, I speak briefly of the magnificos. 
The lack of qualified persons in business 
is quite as impressive as in politics, and 
the magnifico is as much of a romantic 
as the politico. For thousands of years 
the only essential for engaging in busi- 
n&ss has been to have the necessary cap¬ 
ital or be able to get it, and the princi¬ 
pal qualification of the business man has 
been his ability to buy for one dollar 
and sell for two dollars. It is only too 
evident that one can be a banker with¬ 
out knowing the elements of banking, 
can engage in transportation without 
knowing anything about transportation, 
can own and operate drug factories and 
drug stores without knowing strychnine 
from Seidlitz powders, and can simulta¬ 
neously be a banker and a bank wrecker, 
a railroad magnate and a railroad 
wrecker, the owner of a chain of stores 
and a dealer in poisoned products. This 
right to engage in business ignorantly 
and dangerously, and become unlimit¬ 
edly rich at it, seems to be the essence 
of rugged individualism. 

The proposals of the politicos for end¬ 
ing the depression, by and large, have 
been exceeded in vacuousness and in¬ 
anity by the proposals of the business 
men. We demand certain qualifications 
of physicians before we let them prac¬ 
tise, and we even require that plumbers 
know something about plumbing, but we 
risk our lives on many things we buy 
and never ask that the man who takes 
our money establish any qualifications 
for his business before he is permitted 


to engage in it. This romantic confi¬ 
dence in the business man has been justi¬ 
fied in some individual cases, but too 
often it has been a prolific source of rob¬ 
bery, poisoning, homicide and other high 
crimes and misdemeanors. That it is 
not a more prolific cause of these things 
is due largely to the functioning of the 
unromantic government. 

I said the business magnifico is a ro¬ 
mantic. He is. He still carries with 
him his childhood patterns of behavior 
in his belief that much money is a good, 
thing, and that wealth and power are 
roads to happiness, in spite of the fact 
that innumerable rich men have testified 
and their careers have demonstrated 
that the road to happiness assuredly 
does not lie in the domain of Midas or 
Caesar. 

And since we are dealing with ro¬ 
mantic government, what do we mean 
by romantic? According to the dic¬ 
tionary, romantic is relating to romance; 
fanciful; visionary; fictitious and im¬ 
probable; fantastic; sentimental. Ro¬ 
mance is prose fiction, an extravagant 
story, things strange, fascinating, heroic, 
adventurous or mysterious. These 
things are the essence of romantic poli¬ 
tics—the spells of the spellbinder, the 
painfully concocted ambiguities of po¬ 
litical platforms, the campaign promises, 
the sentimental misuse of the Washing¬ 
ton, Jefferson and Hamilton traditions, 
the mysterious misdeeds of opposing 
parties and candidates and the rest of 
the propaganda regarding our fictitious 
virtues and our opponent’s improbable 
vices. 

As regards things fanciful, visionary, 
fictitious and heroic in politics, the 
writer has this thought in common with 
Stalin, Mussolini, Kemal Pasha and 
Hitler, that political parties should be 
abolished. But where the dictators* so¬ 
lution is merely a change from the ro¬ 
mantic plural to the romantic singular, 
from fanciful parties to one allegedly 
heroic party, the writer would go far- 
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ther and abolish all political parties, 
leaving only the professional force 
charged with the serious, commonplace 
business of government. 

What is the prospect of our giving up 
our romantic government in favor of 
unromantic government! There is a 
fair prospect. The unromantic civil 
service and other merit systems are 
actually making headway, slowly but 
surely, against romantic government. 
The United States and Britain have 
, sound civil service systems, extending in 
Britain up to under secretaries in the 
cabinet, and just stopping short of as¬ 
sistant secretaries in the United States. 
A few of our states have merit systems, 
some of them effective. A very few 
counties have merit systems. Among 
our cities, 445 have changed from the 
romantic mayor to the unromantic city 
manager, and 165 other cities have city 
managers of limited responsibility. His¬ 
torians may find that the greatest ad¬ 
vance of Franklin Boosevelt’s adminis¬ 
tration was his employment of expert 
advisers in economics and sociology. 

Even more striking is the growth of 
unromantic government in the U. S. S. R. 
The romanticism of sovietism and dic¬ 
tatorship has held the attention of the 
world, but the really startling develop¬ 
ment is the rapid, sound and extensive 
establishment of unromantic and expert 
government in that country. Starting 
out with a drive against the professional 
groups, the Soviets soon revised their 
attitude and began to seek out and to 
develop experts. At present the high 
positions in engineering are held by en¬ 
gineers, and farming is under the con¬ 
trol of agricultural experts. In my own 
field, veterinary parasitology, the United 
States has held the commanding posi¬ 
tion for years in the size of its Federal 
scientific staff and the extent of its ef¬ 
fective measures for the control of para¬ 
sites of animals, and imperial Russia 
was without competing personnel in this 
field. Within ten years the U. S. S. R. 


has moved to first place in size of scien¬ 
tific staff, far exceeding that of other 
countries, is putting out an unusual 
amount of good work and is beginning 
to forge ahead in its extent of control. 
In the field of unromantic government 
the U. S. S. R. promises to excel all other 
nations so greatly that the only compe¬ 
tition will be for second place. If unro¬ 
mantic government is as superior to ro¬ 
mantic government as I believe it is, 
here is the point at which the U. S. S. R. 
promises to educate the world on the 
subject of government. It seems en¬ 
tirely probable that the U. S. S. R. may 
be the first country to supplant ro¬ 
mantic, political, non-professional gov¬ 
ernment by non-romantic, non-political, 
professional government. 

Romantic government has a strong hold 
on a humanity that reluctantly ceases 
to play with its toys. Mankind does not 
quickly give up its torch-light proces¬ 
sions, its love of royal pageantry, its af¬ 
fection for the catchwords of democracy 
or autocracy, its belief in the magic of 
politicians, its desire for leaders to find 
the way to happiness along some road 
that does not involvb thinking or hard 
work. But in time it does give them up. 
The torch-light processions are gone, in 
most countries the thrones have fallen, 
and although we still play at romantic 
democracy, indulge in the ceremonials 
of the fascist salute or the adoration of 
the Hakenkreuz, and still manifest faith 
in political promises and leaders, we 
shall come, sooner or later, to a realiza¬ 
tion that accomplishment of our ends 
lies in the direction of sound thinking 
and hard work. We shall employ more 
trained thinkers and competent workers, 
not as adjuncts to romanticists tem¬ 
porarily in office, but as the real and 
permanent government. We shall in 
time abandon romantic government, as 
we have abandoned fire worship, witch¬ 
craft and medieval chivalry, in favor of 
unromantic government by qualified per¬ 
sons only. 
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The course of embryological develop¬ 
ment suggests, in broad outline, the an¬ 
cestry of the individual. The tendency 
on the part of the individual organism 
to pass through ancestral evolutionary 
stages is called recapitulation. The in¬ 
dividual rapidly climbs the tree of 
ascent, repeating in his development the 
stages through which his ancestors have 
passed. Several traits of unsophisti¬ 
cated prenatal development suggest brief 
adherence to ancestral type. 

The early embryonic structure of man 
is as undifferentiated as the structure 
of the amoeba. Later the individual ex¬ 
hibits the bilateral symmetry that char¬ 
acterizes the vertebrates, but for some 
time is a non-vertebrate animal, little 
differentiated in structure, with no com¬ 
plexity of parte. After the appearance 
of the vertebral column, or of carti¬ 
laginous centers which will develop into 
the vertebral column, there is a further 
differentiation of parts. Gradually the 
prenatal structure takes on the charac¬ 
teristics of a vertebrate mammal. There 
develop the so-called gill-elite, which are 
interpreted as corresponding with the 
gill-slits in fishes. These appear not 
merely in man but in the embryonic 
stages of reptiles, birds and all mam¬ 
mals. One pair of them develops into 
the Eustachian tubes, so that later they 
actually do perform a function. 

The so-called milk lines along the 
chest of the embryo suggest a record of 
a time when man’s ancestors, or at least 
ancestresses, had more than the single 
pair of nipples which characterizes our 
contemporaries. During prenatal life 
the nipple is much higher than it is on 
the contemporary adult; though a com¬ 
parably high nipple is found normally 
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on adult apes and other Primates. In 
the wrist of the embryo there appears a 
carpal element known as the os centrale; 
this disappears before birth, but in some 
of the anthropoid apes (the orang and 
the gibbon) and in many of the lower 
vertebrates it persists through life. The 
young embryo has from 7 to 9 vertebrae 
in the caudal region, whereas adult man, 
tailless, has only 3, 4 or 5 coccygeal ver¬ 
tebrae. In a human embryo of 7.5 mm 
crown-rump length, the percentage of 
length of tail is 16 per cent, of this 
dimension, whereas in adult man the 
length of these vertebrae is only about 
3.5 per cent, of this dimension (sitting- 
height). The orang-utan, however, has 
only 2 or 3 coccygeal vertebrae—less 
than the average in man. 

In the fetus of the genus Colobus and 
in Hapale jacclius , a primitive South 
American marmoset, vibrissae develop 
on a hillock of the skin, where they re¬ 
ceive a branch of the ulnar nerve, and 
hence are regarded as primitive touch 
organs. In man this hillock occurs, ap¬ 
parently in only a small percentage of 
cases, in an early period of prenatal 
development. The hillock contains no 
sinus hairs and disappears during the 
ninth week of fetal life. This rare and 
ephemeral carpal hillock has been inter¬ 
preted as an atavistic structure in the 
human embryo. Its only known func¬ 
tions is to remind us that the trait prob¬ 
ably was present in our remote Primate 
ancestors. 

The position of the phrenic nerve, 
which innervates the diaphragm, is in¬ 
terpreted as a survival from early ances¬ 
tral stages. This nerve, as in the fishes, 
rises high in the neck.' In the fishes the 
gills and heart are close together under 
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the mouth. “As the gills changed to 
lungs, and an airtight compartment was 
provided for them, they moved down¬ 
ward, the diaphragm preceding them. 
But, as a matter of the most exquisite 
interest, the nerve which innervates the 
diaphragm, the phrenic, still arises high 
in the neck, and, traversing the entire 
chest at great waste, is the string which 
shows us where the diaphragm was and 
its pathway of migration during the 
ages . } n Similarly, the lanugo, the hairy 
coating over the foetus, is assumed to 
represent the appearance of remote Pri¬ 
mate ancestors. 

There is also a progressive rotation of 
the foot upon the leg. In the prenatal 
condition the surface of the foot turns 
inward. Gradually the foot rotates on 
the ankle, the plantar surface assuming 
a plane more neany at right angles to 
the sagittal plane of the tibia, although 
at birth the feet still turn inward. 

In the human embryo the upper limbs 
are relatively much longer than in the 
new-born, and they become relatively 
shorter in youth and adulthood. The 
arms of the gibbon, on the other hand, 
are relatively short in prenatal life, and 
increase in length with growth. In the 
prenatal period, the arms of the gibbon, 
in proportion to body length, are, in 
fact, not much longer than those of the 
human fetus in proportion to body 
length. 

Even after birth there are suggestions 
of recapitulation. The child can not 
walk until it is several months old. It 
can, however, go on all fours, that is, be 
a quadruped, before it can walk on two 
feet, that is, be a biped. Moreover, in 
the early stages of its earthly career, it 
is practically a quadrumanous creature, 
for its toes and feet are almost as mobile 
as its fingers and hands. With its toes 
it can grasp objects with almost the 
facility with which it can grasp them in 

1 Logan Glendening, “The Human Body,” 
107-108. 


its hands. When it learns to walk, the 
toes are turned in and the child walks 
largely on the outside of the foot, much 
as does an anthropoid ape. This inabil¬ 
ity to walk on two feet is accompanied 
by a remarkable power of handgrasp. 
A child two hours old can maintain its 
weight by overhead handgrasp for about 
a half minute. At the age of six weeks 
it can maintain its weight for about two 
minutes, that is, as long as can the adult 
who has given no time to the acquisition 
of this art. In view of the fact that 
most animals are able at birth, or soon 
afterward, to walk, crawl, swim or fly, 
in the manner of progression character¬ 
istic of their species, the absence of the 
ability to walk on two feet, and the cor¬ 
responding ability to maintain the 
weight of the body by overhead hand¬ 
grasp, are very striking. The only ex¬ 
planation seems to be the inheritance of 
adaptations which are no longer of much 
use to man, but which were of use to re¬ 
mote ancestors. Man is so conservative 
of the old, and so tardy in adopting the 
new, that he requires more than a year 
of postnatal existence to acquire the up¬ 
right posture; and when he has acquired 
it, it is, for a few years, a very uncertain 
posture. 

Yet, though many of the develop¬ 
mental changes from embryo to adult 
are in keeping with the supposition that 
the individual recapitulates ancestral 
history, certainly many of the changes 
are not consonant with that supposition. 
For example, during early prenatal life 
the height of the head is approximately 
one half the total body length. The pro¬ 
portion of height of head and of size of 
head to size of body decreases through¬ 
out the prenatal period and through 
much of postnatal life, at least until 
adulthood. At birth the size of brain in 
terms of size of body is about three times 
its proportionate size in adult life. That 
is to say, through much of the period of 
prenatal and postnatal development man 
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acquires less brain in terms of body size. 
This, of course, is contrary to the general 
story of evolution, which shows an in¬ 
crease in relative size of brain from the 
lower creatures to the higher, from non- 
Primates to Primates, and from most of 
the lower Primates to man. 

Another fact often introduced to sup¬ 
port recapitulation is the similarity in 
prenatal development between species 
assumed to be closely related, such, for 
example, as man and the anthropoid 
apes. That the close parallelism in de¬ 
velopment between most mammalian 
forms implies recapitulation must be 
doubted. Much of the similarity is the 
result of independent causes or, at least, 
would result from independent causes 
were there no common ancestry. Mam¬ 
mals start with similar structures—the 
(comparatively) undifferentiated germ 
plasm. They can develop only from un¬ 
differentiated structures to differenti¬ 
ated. In early prenatal development 
there will necessarily be considerable 
resemblance between man and ape, and 
even between man and quadruped. 

Of necessity, too, with individual de¬ 
velopment the differences between the 
representative of one species and that 
of another will increase. Some of the 
similarities in early ontogenetic develop¬ 
ment, therefore, would be present if man 
and ape had evolved in different solar 
systems and had no common ancestry. 
Since man and ape have similar struc¬ 
tures, it follows that the resemblances 
between them during embryological de¬ 
velopment will be greater than the resem¬ 
blances between man and any other ani¬ 
mal. They develop in similar prenatal 
environments, and their respective goals 
are not far apart; hence the paths which 
they traverse will diverge less than the 
paths traversed by man and any other 
animaL At birth they will be more alike 
than during adulthood, because the typi¬ 
cal species characteristics do not develop 
until adulthood. In so far, then, as such 


resemblances are inevitable because of 
the circumstances of development, they 
must be regarded as similarities due to 
the operation of similar factors, rather 
than as due to common ancestral influ¬ 
ences. The fact, for example, that people 
tend to eat at the same hour is due to 
the operation of individual causes, that 
is to say, to the responses of their indi¬ 
vidual organisms to circumstance, and 
not to ancestral influence. A similar 
observation applies to much of the evi¬ 
dence adduced in support of recapitula¬ 
tion. 

A like observation applies to the argu¬ 
ment that the procedure from simple to 
complex, from unspecialized to special¬ 
ized, during embryological development, 
is the result of ancestral influence. It is 
true that the early stages of embryologi¬ 
cal development are comparable with 
early and primitive forms of life, and 
that the later stages of prenatal develop¬ 
ment show greater complexity of struc¬ 
ture, as do later and higher geological 
forms; but the explanation of the resem¬ 
blance probably lies in the logic of neces¬ 
sity. It is inconceivable that life should 
start in highly complex form. It is in¬ 
conceivable, too, that the development of 
individual structure should start with 
a highly complex form. In either case, 
the procedure involves the necessity of 
passing from the less complex to the 
more complex, from the little differenti¬ 
ated to the more differentiated. Only 
those resemblances, therefore, which are 
not due to parallelism, or to the precon¬ 
ditions of development, imply ancestral 
influence. Resemblances which would 
exist even if there were no ancestral in¬ 
fluence can not be interpreted as due to 
recapitulation. The “law of parsi¬ 
mony' y applies here. 

The matter can be illustrated by the 
accompanying figure. Development of 
man, anthropoid and quadruped starts 
in a similar undifferentiated plasm. The 
characteristics of the respective species 
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appear gradually, and resemblances are 
necessarily greatest during early devel¬ 
opment. At birth the differences are 
greater, and at maturity they are most 
marked. Conversely, resemblances are 
greater at birth than in adulthood, more 
marked during later fetal development, 
and most pronounced in early embryo- 
logical stages; and, almost of necessity, 
the resemblances between embryos are 
greatest in the case of species which are 
most closely related. If we apply the 
same logic to the anthropoid as to man— 
and we should extend that charity—the 
anthropoid recapitulates human ances¬ 
try; for the further back one traces 
anthropoid ontogenetic development, the 
more humanlike are the anthropoid 
characteristics. The logic which sug¬ 
gests that man recapitulates anthropoid 
ancestry suggests also that the anthro¬ 
poid recapitulates human ancestry. At 
birth, and even in prenatal develop¬ 
ment, the human individual has certain 
so-called human characteristics in a 
larger measure than at maturity. This 
is notably the case with regard to size 
and shape of head, which is proportion¬ 
ally larger in prenatal stages and at 
birth than at maturity; at birth there is 
considerable cranial development and 
correspondingly little facial develop¬ 
ment. These changes in proportions run 
counter to the traditional implications 
of recapitulation. Since size and shape 


of head and the proportion between 
facial area and cranial area are consid¬ 
ered important human characteristics, 
these traits of infancy can not be lightly 
passed over when weighing the recapitu¬ 
lation argument. Indeed, if one accepts 
recapitulation, much of the prenatal and 
early postnatal development implies that 
man’s ancestry developed from a more 
human to a less human form, that is, 
from humanlike to anthropoid apelike, 
for in ontogenetic development the hu¬ 
man individual acquires relatively less 
brain, proportionally greater supraor¬ 
bital prominences and proportionally 
lower cranial vault. In relative head 
size in terms of trunk length, the cebus 
apella, one of the lower primates, ex¬ 
ceeds man by about 8 units. The aver¬ 
age diameter of the head 

length width + height \ 

3 / 

is in the human adult about 31 per cent, 
of trunk length. In the human newborn 
this percentage is about 57, while in the 
newborn gibbon and orang it is about 
61. If these proportions are important 
in comparing man with ape, and con¬ 
temporary man with prehistoric man, 
they deserve consideration when weigh¬ 
ing the implications of recapitulation. 
Much of the postnatal development in¬ 
terpreted as implying recapitulation has, 
in fact, an easier and more obvious ex- 
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planation in the conditions inherent in 
development. The strong grasp of the 
newborn infant suggests inheritance 
from an arboreal ancestor, because it is 
greatly disproportionate to the infant’s 
needs; but the approximately uniform 
curve of spinal column, anteriorly con¬ 
cave as in the ape, may be attributed to 
prenatal environment and posture. 
When the child ceases to go on all fours 
and walks erect the sigmoid curve devel¬ 
ops, in response to the new need. The 
recapitulation theory is deductive rather 
than inductive, the a priori creation 
rather than the empirical finding of 
Muller and of Haeckel. Haeckel admits 
this, and indeed, boasts that the theory 
is a priori. The facts are forced into 
this scheme, the evidence is not judi¬ 
ciously weighed, and other interpreta¬ 
tions are not considered. When Haeckel 
cited von Baer’s position he deliberately 
suppressed the fourth conclusion of von 
Baer. This was: “Fundamentally the 
embryo of a higher animal form never 
resembles the adult of another animal 
form, but only its embryo.” The rea¬ 
sons for that resemblance, at least suf¬ 
ficient reasons for it, have been indicated 
in the above paragraphs. 

Thus, much of the resemblance be¬ 
tween prenatal development in different 
genera is a sheer result of the laws of 
growth. Many of the “facts” of re¬ 
capitulation, then, resolve into analogy 
and homology rather than into genetic 
relationship. The development of the 
embryo is determined not so much by its 
ancestral past as by the potentiality of 
the germ cells and by the goal common 
to its species. Its own organism deter¬ 
mines its development—entelechy rather 
than aneesfral influence—for a drive 
toward specific development is a poten¬ 
tiality of the embryo. Ontogenetic de¬ 
velopment in different genera is, there¬ 
fore, determined by different specific 
causes. As it » not a common pervad¬ 
ing hunger, but the independent de¬ 


mands of the respective organisms, 
which induce men to eat at about the 
same intervals daily, so no common an¬ 
cestral influence drives embryological 
development along similar lines, but 
similar independent causes which oper¬ 
ate in similar ways upon similar organ¬ 
isms with similar results. The recapitu¬ 
lationist sometimes confuses generic 
cause with specific independent causes 
which are similar and disregards the 
fact that the embryo as well as the adult 
has evolved. 

A case in point is the gill-pouches 
(usually called gill-slits) which appear 
in the embryo of reptiles, birds and 
mammals. It is well to remember that 
“these structures resemble nothing so 
much as the gill-slits or gill-pouches 
which appear in the embryonic stages of 
fish. The gill-pouches of embryo rep¬ 
tiles, birds and mammals, do not resem¬ 
ble the gill-slits of the adult fish. Any 
one who can see can convince himself of , 
the truth of this. All that can be said 
is that the fish preserves and elaborates 
its gill-slits, while the reptiles, birds and 
mammals do not preserve them as such, 
but convert them into other structures 
such as the Eustachian tube, the tonsils 
and the thymus glands. There is a simi¬ 
larity between the embryos of fish and 
of reptiles, birds and mammals, but the 
later stages of ontogeny have diverged. 
In the reptiles, birds and mammals, 
other adult stages have been substituted 
for the adult stage of the fish. During 
the phylogeny of the reptiles, birds and 
mammals, therefore, factors have arisen 
in the ontogenies which control the de¬ 
velopment from the embryonic stage on¬ 
wards and which have produced progres¬ 
sive deviation.”* 

As Guldberg and Nansen remark, re¬ 
garding the embryological development 
of the dolphin, “the embryo’s develop¬ 
ment proceeds by the shortest road to its 

* G. R. de Beer, “Embryology and Evolu¬ 
tion,” 47-48. Oxford, Clarendon Press, 1930. 
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goal. . . . The embryo seeks, by the 
most direct way ... to attain to the 
special likeness of its parents, or to the 
specific form/’ 8 “It is the function of 
the embryo/’ remarks Shumway, “to 
become an adult without looking back¬ 
ward on ancestral history.’’ 4 The em¬ 
bryo is, in large part, “a builder which 
lays one stone here, another there, each 
of which is placed with reference to 
future development. ’’ 5 

“If,” to quote Gregory, “the bio- 
genetic law were universally valid it 
would seem legitimate to infer that the 
adult common ancestor of man and apes 
was a peculiarly hermaphroditic animal, 
that it subsisted exclusively upon its 
mother’s milk and that at an earlier 
phylogenetic period the adult ancestor 
was attached to its parent by an umbili¬ 
cal cord. The absurdity of this infer¬ 
ence shows that the universal validity of 
the biogenetic law may not be taken for 
granted, and that in each instance the 
supposition that a given ontogenetic 
character is primitive requires indepen¬ 
dent evidence. If the biogenetic law 
were without exceptions, the marvelous 
processes of ontogenetic development 
would have only a historical or reminis¬ 
cent aspect and not an anticipatory or 
adaptive one, since they would all be 
directed solely towards preserving a 

s Gustav Guldberg and Fridtjof Nansen, 
“On the Development and Structure of the 
Whale,” pp. 23, 39. Bergen, Bergen’s Mu- 
eeum, 1894. 

* Waldo Shumway, “The Recapitulation 
Theory/’ Quarterly Review of Biology , 7: 98, 
1932. 

5F. R. Lillie, “The Embryology of the 
Unionidae/’ Journal of Morphology, 10, 1895. 


clear record of earlier adult states 
rather than towards the production of 
viable animals.” 6 

In many respects man is tardy in de¬ 
veloping the traits which distinguish the 
anthropoid apes; that is, he does not 
acquire until adolescence or adulthood 
some traits which are found in the an¬ 
thropoid apes soon after birth or even 
during prenatal development. 

Among these traits are the dentition, 
which is slower than in the ape; the 
prognathism, which is more marked in 
the human adult than in infancy; the 
hairy coat, which becomes more marked 
in man as growth proceeds; the pigmen¬ 
tation, which in man, especially in the 
dark races, increases after birth; the eye¬ 
brow ridges, which are not elevated in 
man until after adolescence; the project¬ 
ing lower jaw, which becomes more 
prominent only after the permanent 
teeth have appeared; the spread of zygo¬ 
matic arches, which increase with 
growth; the closure of the sutures of the 
skull, which is more delayed in man 
than in the ape. In his development, 
however, man becomes less like the ape 
in some respects, as notably in propor¬ 
tion of length of lower limbs to stature 
or to arm length, and more like the apes 
in certain other traits, as notably in 
those which have been listed above. If 
man recapitulates au apelike ancestry, 
he is, in general, rather tardy about it, 
and does not reach the end of the jour¬ 
ney before old age overtakes him. 

« William K. Gregory, “The Biogenetic Law 
and the Skull Form of Primitive Man,” 
American Journal of Physical Anthropology , 
8: 375-376, 1925. 
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Nothing is said in the Bible concern- offerings thou shalt offer salt” (Lev. 2: 
ing the addition of salt when Adam and 13). Salt had a symbolic significance by 
Eve were created, although we know the Jews in the ritual of the covenant 
now that they could not have lived with- (Num. 18: 19). We can well imagine 
out it. Considering the scientific data the consternation of the populace as 
relating to the appearance of life on the Lot’s wife was turned into a pillar of 
globe, especially the manner in which it salt when she disobeyed her husband and 
was for ages maintained in the saline looked back (Gen. 19: 26). Commen- 
waters of the Paleozoic seas, we may taries on the fate of this unfortunate 
mark the evolutionary evidence of the woman recite the commonplace explana- 
survival in man of this early ancestral tion that she was suffocated by a dash- 
element. In the earliest geological ing spray of sulfurous salt which en- 
strata showing fossils, there are found crusted her whole body. In early Amer- 
only shells of sea animals and a few ica, the Hopi Indians gathered salt from 
bones of fishes. These findings make it a deposit in the Grand Canyon with 
seem quite clear why there could be no great ceremony by making sacrifices to 
life as we know it without salt. the Goddess of Salt and the God of War. 

In ancient times, salt was rare in in- The Zunis had a “salt mother” who was 
land countries and looked upon as a the genius of their sacred Salt Lake, 
great delicacy. Governments frequently There is a legend that the salt woman of 
controlled the supply of salt. This has the Acomas quarreled with the people 
been notably true of China. The manu- and left their pueblos. On her way 
facture and garnering of salt was once south, she stopped to rest at the present 
the work of kings. Kingdoms went to site of the Zuni Lake, where she was 
war over the possession of salt deposits, turned into the Salt Lake. The Acoma 
There were some salt springs on the and Zuni Indians made long pilgrimages 
bank of the River Saale in Frankia over to gather salt. Of the Acomas, only the 
which two countries fought for fifty men of the Pumpkin and Parrot clans 
years, believing that such places are made the solemn journey to gather salt 
closer to heaven and prayers of mortals to be distributed to every home on their 
from thence more easily heard. Even in return. All the prehistoric Basket Mak- 
reeent years, riots and bloodshed have ers of the Southwest, dating back to 
occurred in Ecuador because of a salt 2,000 b. c., made use of salt, and during 
famine resulting from damaged trans- the time of the Cliff Dwellers of Mesa 
portation. That salt had a deep religious Verde and elsewhere, it was pressed by 
significance, to the ancients, there can be hand into‘conical shapes, indicating that 
no doubt. Homer calls salt 44 divine” some ceremony may have been per- 
and Plato names it “a substance dear to formed in which this product played a 
the Gods.” Moses admonished the chil- major part. Salt was habitually asso- 
dren of Israel that 4 ‘every oblation of ciated with offerings to the Gods by the 
thy meat offering shalt thou season with Greeks, Romans and Semitic peoples, 
salt; neither shalt thou suffer the salt of The Gods were worshipped as the benefi- 
the covenant of thy God to be lacking cient givers of food and “bread and salt 
from thy meat offering; with all thine go together in common use and as a corn- 
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mon phrase.” Since covenants were 
made over a sacrificial meal, in which 
salt was a necessary element, “a cove¬ 
nant of salt” is readily understood. 

Many expressions, having their origin 
in ancient times, have arisen because of 
the great religious and economic signifi¬ 
cance of salt. The preservative qualities 
of salt made it a symbol of enduring 
compact and, therefore, sealed an obliga¬ 
tion to fidelity. Such expressions as 
“there is salt between us,” “to eat salt 
in the palace” and “untrue to salt” 
were prevalent in ancient eastern coun¬ 
tries. Even to-day North Africans and 
Arabs use the first saying as an expres¬ 
sion of friendship. When Christ went 
up into the mountain he addressed his 
disciples by saying, “Ye are the salt of 
the earth,” and he warned them that “if 
the salt has lost iis savour, wherewith 
shall it be saltedf” (Matt 5:13). Salt 
which has “lost its savour” is said to 
refer to an earthy residuum of an im¬ 
pure salt after the sodium chloride was 
washed out. 

References to salt abound in the 
world’s literature. A lecherous or lust¬ 
ful meaning is given the word when 
Iago refers to Othello “as salt as wolves 
in pride” (Othello III: 3). Shakes¬ 
peare refers to salt in such other 
passages as, “Though we are justices 
and doctors and churchman, Master 
Pap, we have some salt of our youth in 
us” and “I have a salt and sorry rheum 
offends me” (Merry Wives of Windsor). 
Chaucer refers to “salt tears.” Expres¬ 
sions such as “to pay a salt price,” 
meaning costly or dear; “worth one’s 
salt” or worthy of one’s hire; “above or 
below the salt,” indicating social posi¬ 
tion; “to salt,” a plan of deception used 
in sprinkling mines with ore, or falsify¬ 
ing an invoice, are well known to-day. 
There was also once the dishonest prac¬ 
tise of “salting” or sprinkling the roofs 
of houses with rock salt to entice the 
birds of the neighbors. “To salt away” 
or “salt down” means the preservation 


of meat, provisions or even money. B. 
Jonson writes that “his fashion is not to 
take knowledge of him that is beneath 
him in clothes. He never drinks below 
the salt.” Such references to the social 
status of salt have evolved from an an¬ 
cient custom of masters and servants 
dining in the same room with the mas¬ 
ter’s table raised on a dais and adorned 
with a large and imposing salt cellar, 
while those of lesser social importance 
sat at tables supplied with salt recep¬ 
tacles to conform to their lower status in 
life. From this old custom has probably 
arisen the modern elevated speaker’s 
table. 

Salt has also played its role in the 
realm of superstition. It was early used 
in various rites for the exorcising of evil 
spirits. The spilling of salt in ancient 
times was an unlucky omen. In Leo¬ 
nardo da Vinci’s famous painting of 
“The Lord’s Supper,” Judas Iscariot is 
indicated by the overturned salt cellar 
beside his right arm. Captured cities 
were sowed with salt as a symbol of per¬ 
petual desolation. Milan was once 
razed, burned, strewn with salt and 
plowed under by Emperor Frederick 
Barberossa. In Armenia, Russia and 
Greece, the newborn babies are some¬ 
times rubbed with salt because of its 
supposed valuable properties in giving 
strength, vigor and endurance and in 
preventing corruption. In parts of Ger¬ 
many, salt placed behind the ears of a 
newborn or in a little package between 
the folds of the diaper brings sense and 
protects against evil spirits. In Portu¬ 
gal, after the birth of a baby, the mother 
and child are protected against evil in¬ 
fluences by scattering ground salt on the 
roof of the dwelling so that the witches 
may keep busy gathering up the salt and 
do them no harm. In Flanders, women 
throw a package of salt behind them so 
that their confinement may have no evil 
consequences. In Ireland, salt is hidden 
in a baby’s clothes to protect it against 
thieving fairies. In America, super- 
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stitious women throw a few grain* of 
salt over the left shoulder, when any 
chances to be spilt, to avoid any kind of 
bad luck. 

From the economic standpoint, salt 
has assumed vast proportions. Since 
earliest historical times, salt as an article 
of commerce has been of first importance. 
Marco Polo speaks of mountains of salt 
in Taican as follows: “The mountains 
that you see towards the South are all 
composed of salt. People from all the 
countries round, to some thirty days 
journey, come to fetch this salt which is 
the best in the world and is so hard that 
it can only be broken with iron picks. 
'Tie in such abundance that it would 
supply the whole world to the end of 
time.” Among Hie first roads built to 
facilitate trade were those to transport 
salt. The oldest road in Italy is called 
the Via Salaria or salt road. Salt mines 
in India have been in use since the time 
of Alexander the Great. Herodotus 
writes of the caravan routes to the salt 
oases of the Libyan Desert. Salt cakes 
have been used as money in Abyssinia 
and other parts of Africa and in Tibet. 
The Roman army was once given an al¬ 
lowance of salt for its officers and men. 
This salarium was later converted into 
an allowance of money for salt. From 
the term salarium comes our very sig¬ 
nificant word salary. Hence, without 
salt there could be no salary. 

If your ancestors ate salt you are 
probably fair-skinned; if not you belong 
to the dark races. This rather astonish¬ 
ing hypothesis has evidently been ad¬ 
vanced by some one interested in racial 
complexions. If you came out of the 
North, where there was plenty of salt, 
you are probably white; if from inter¬ 
mediate countries such as China, Korea 
and India, where salt was not so plenti¬ 
ful, you are probably moderately pig¬ 
mented; if from the South, where salt 
was a rarity, you are probably black, 
The scientific proof of the relationship 
of racial salt intake to racial color may, 


in the minds of many, still be lacking, 
but the doubt does not mar the attrac¬ 
tion of the theory. 

The therapeutic use of salt has been 
common in medicine for many years. 
As a physiologic solution, having the 
same osmotic tension as the blood 
plasma, it has been administered intra¬ 
venously, subcutaneously and by bowel 
as a standard method of reducing dehy¬ 
dration. It has been used in the treat¬ 
ment of hemorrhage and traumatic 
shock. In the above, the salt was added 
to water to make it isotonic and not for 
any known inherent value possessed by 
the sodium chloride in the treatment of 
disease. Only within recent years has 
therapeutic importance of salt been recog¬ 
nized by clinicians. It has long been 
known that sodium chloride is reduced 
in the body in lobar pneumonia, and in 
recent years it has been used in the 
treatment of this disease. 1 In 1912, 
Hartwell and Houget* found that they, 
could prolong the life of animals with 
intestinal obstruction threefold by giv¬ 
ing physiologic salt solution. The im¬ 
portance of the salt was not recognized 
by these authors, and their results were 
attributed to the relief of dehydration. 
The importance of salt in body water 
distribution was dramatically demon¬ 
strated by Rowntree* when he discovered 
that he could intoxicate animals and 
produce convulsions by excessive quanti¬ 
ties of water introduced into the stom¬ 
ach. Such intoxications could be re¬ 
lieved or prevented by the use of salt 
solution. It has been noted that miners, 
working in high temperature, causing 

i B. L. Haden, ‘ ‘ Relation of Chloride Metabo¬ 
lism to Toxaemia of Lobar Pneumonia,” Jour. 
Lab. and Clin. Med., 10: 887, February, 1988. 

* J. A. Hartwell and J. P. Houget, “Experi¬ 
mental Intestinal Obstruction in Doge with 
Especial Reference to the Cause of Death and 
the Treatment by Large Amounts of Normal 
Saline Solution,'’ Jour. Am. Had. Ai»., 89; 
82, July IS, 1912. 

* L. 0. Rowntree, “Water Balance of Body,'* 
Physiological Stv„ 8: 118, 1928. 
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excessive perspiration, frequently have 
muscle cramps, which become very dis¬ 
abling. This disturbance can be com¬ 
pletely relieved if the workmen drink a 
weak solution of salt water. 4 It is prob¬ 
able that the deprivation of chlorides 
lessens the gastric secretion and may in¬ 
terfere with digestion. 5 It is well known 
that a loss of all the gastric juice rapidly 
results in death. 6 Death can be delayed 
by administering water and sodium 
chloride. Persistent vomiting, resulting 
from experimental pyloric obstruction, 
will produce profound changes in the 
blood chemistry and frequently causes 
tetany. 7 This type of tetany is rapidly 
relieved by giving sodium chloride to 
replace the chlorides lost in the gastric 
juice. The great disturbance in water 
and chemical balance of the body is 
strikingly illustrated by the blood stud¬ 
ies in acute pyloric, duodenal and small 
intestine obstructions. 8 ' 9 There is a 
marked reduction in chlorides and an in¬ 
crease in the non-protein and urea ni¬ 
trogens and carbon dioxide combining 
power. These changes are apparently 
due to the loss of chlorides and other 
gastrointestinal juices incident to vomit¬ 
ing. That this is true is evidenced by 
the fact that the blood changes can be 
experimentally restored to normal by 

4 E. M. Brockbank, * 1 Miner*» Cramps,” Brit. 
Med. Jour., 1: 65, January 12, 1929. 

* R. K. S. Lin and T. G. Ni, “ Changes in the 
Blood Constituents Accompanying Gastric Secre¬ 
tion,” Am. Jour. Physiol ., 75: 475, 1925. 

e L. R. Dragstedt and J. C. Ellis, “The Fatal 
Effect of Total Loss of Gastric Juice,” Am. 
Jour. Physiol., 93: 407, 1930. 

i W. G. MacCallum, J. Lintz, H. N. Vermilye, 
T. H. Leggett and E. Boas, “Effect of Pyloric 
Obstruction in Relation to Gastric Tetany,” 
Bull. Johns Hopkins Hosp., 31: 1, 1920. 

sR. L. Haden and T. G. Orr, “Chemical 
Changes in the Blood of the Bog after Pyloric 
Obstruction,” Jour. JSxper. Med., 37: 377, 
March, 1923. 

»R. L. Haden and T. G. Orr, “Chemical 
Changes in the Blood of the Bog after Intesti¬ 
nal Obstruction,” Jour. Exper. Med., 37: 365, 
June, 1925. 


administering sodium chloride solution. 10 
No other known substances will accom¬ 
plish this restoration. Gamble and 
Ross 11 have aptly remarked that sodium 
chloride is the only one of a long list of 
salts containing both of the ions specifi¬ 
cally required for plasma repair. David¬ 
son 12 noted a decrease in the blood chlo¬ 
rides as a result of extensive bums. 
Other conditions in which a reduction of 
the blood chlorides has been found are 
acute peritonitis, 18 toxemia of preg¬ 
nancy, 14 anaphylactic shock, 15 x-ray in¬ 
toxication, 16 experimental high jejun- 
ostomy 17 and congenital pyloric stenosis. 

Experimental work of Mitchell and 
Carman 18 points to sodium chloride as 
an important element in general metab¬ 
olism. They found that rats and chicks 
grew and developed more rapidly on a 

R. L. Haden and T. G. Orr, “Obstruction 
of the Jejunum. The Effect of Sodium Chloride 
on the Chemical Changes in the Blood of the 
Bog,” Arch. Surg., 11: 859, Becember, 1925. 

ii J. L. Gamble and S. G. Ross,* ‘ The Factors 
in the Dehydration Following Pyloric Obstruc¬ 
tion,” Jour. Clin. Investigation, 1: 403, June, 
1925. 

is E. C. Davidson, “Sodium Chloride Metabo¬ 
lism in Cutaneous Burns and its Possible Sig¬ 
nificance for a Rational Therapy, 9 9 Arch. Surg., 
13: 263, August, 1926. 

1* T. G. Orr and R. L. Haden, * * Chemical 
Changes in the Blood of the Bog in Experi¬ 
mental Peritonitis,” Jour. Exper. Med., 46: 
839, September, 1928. 

14 R. L. Haden and B. C. Guffey, “Case of 
Pernicious Vomiting of Pregnancy with Low 
Blood Chlorides and Marked Response to 
Sodium Chloride Therapy,” Am. Jour. Obit, 
and Oyneo., 8: 486, 1924. 

ifi R. H. Major, * * Studies of Blood Chemistry 
in Allergy,” BuM. Johns Hopkins Hosp., 84: 
104, 1923. 

i« A. T. Cameron and J. C. McMillan, “Chlo¬ 
ride Metabolism in Roentgen Ray Therapy,” 
Lancet, 2: 365, 1924. 

it T. G. Orr and R. L. Haden, “High Jeju- 
nostomy in Intestinal Obstruction,” Jour. Am. 
Med. Asn., 87: 632, August 28, 1926. 

i«H. H. Mitchell and G. G. Carman, “Boss 
Addition of Sodium Chloride Increase Value of 
Corn Ration for Growing Animals f” Jour. Biol 
Chem., 68: 165, April, 1926. 
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ration of com to which sodium chloride 
was added. Older clinicians 19 have re¬ 
ported that deprivation of salt is con¬ 
ducive to low fevers, gangrene of the 
lungs and intestinal worms. It is re¬ 
lated that the ancient laws of Holland 
prescribed that criminals be kept on 
bread alone, unmixed with salt, as the 
severest punishment possible. The dread¬ 
ful effect was beyond description. The 
criminals are said to have been devoured 
by worms engendered in their own stom¬ 
achs. Salt is very irritating to the in¬ 
testinal tract if taken by mouth in large 
quantities and may produce death. Salt 
was an old remedy for intermittent 
fever, dyspepsia, dysentery, for the ex¬ 
pulsion of worms, application to fetid 
wounds, to stimulate the appetite and 
invigorate the system in scrofula, ty¬ 
phoid fever, granular inflammation of 
the eyes, emetic for poisoning, as a satu¬ 
rated solution rubbed on the chest for 
fainting and asphyxia, and to control 
hemoptysis and post-partum hemorrhage. 
The validity of some of these older 
claims for salt may, of course, be ques¬ 
tioned, since its administration was en¬ 
tirely empirical therapy. That there is 
a germ of truth presented must be recog¬ 
nized. 

There has in recent years developed a 
renewed interest in the metabolism of 
salt in the human body. Is its function 
to maintain proper osmotic pressures in 
the body; is it responsible in large mea¬ 
sures for maintaining water balance; is 
it the source of the hydrochloric acid of 
the gastric juice; has it some protective 
action against certain types of toxemias; 
does it render the blood tissues more bac¬ 
tericidal; and does it play a role in the 
body growth t These questions naturally 
arise when a review of the studies of this 
compound are made. It is doubtful if 
its action can be fully explained on the 
basis of physical chemistry. Cushny 20 
J. D. Palmer, ** Sodium Chloride as a 
Remedial Agent ,* 9 March's Archives, 5: 406, 
December, 1903. 

to A, R. Cushny, “Pharmacology and Thera- 
peutics,” Saunders, Philadelphia, 1911. 


says that the sodium ion (Na) and the 
chloride ion (Cl) are both practically 
inert, except in so far as they change the 
osmotic pressure. He further states that 
they are necessary constituents of the 
body, but their action is limited to the 
alteration in physical properties of the 
fluids. Herrick 21 noted a reciprocal re¬ 
lationship between sodium chloride and 
glucose in the blood. If one of these 
crystalloids is added to the blood in ex¬ 
cess the other promptly decreases, indi¬ 
cating that both function in maintaining 
osmotic balance. It is generally believed 
that the chloride ion of the gastric hy¬ 
drochloric acid has its origin from 
sodium chloride. Dogs on a strictly salt- 
free diet will after a time secrete pepsin 
but no free hydrochloric acid in the 
stomach. By giving salt, the free hy¬ 
drochloric acid is restored. Weed and 
McKibben 22 were able to demonstrate a 
decrease in the size of the brain by the 
intravenous injection of strongly hyper¬ 
tonic salt solution. Hughson and Scarff 28 
were the first to demonstrate the effect 
of hypertonic salt solutions on peri¬ 
stalsis. They showed that a strong solu¬ 
tion would immediately initiate active 
peristaltic movements. This work has 
since been verified and its clinical appli¬ 
cation demonstrated. 24 * 25 

The importance of sodium chloride as 
a therapeutic agent has been especially 

aiW. W. Herrick, “Reciprocal Relationship 
of Chlorides and Qlucose in Blood,” Jour. Lab. 
and Clin . Med., 9: 458, 1924. 

22 L. H. Weed and P. S. McKibben, “Pres¬ 
sure Changes in Oerebro-spinal Fluid Following 
Intravenous Injection of Solutions of Various 
Concentrations,” Am. Jour. Physiol., 48: 512, 
May, 1919. 

28 W. Hughson and J. E. Scarff, * 1 The Influ¬ 
ence of Intravenous Sodium Chloride on Intesti¬ 
nal Absorption and Peristalsis,” Bull. Johns 
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34 H. A. Carlson and O. H, Wangensteen, 
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Med., 27: 676, 1930. 
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H&den, ^Use of Hypertonic Sodium Chloride 
Solutions to Stimulate Peristalsis,” Surg., 
Oynee. and Obst., 52: 941, May, 1931. 
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emphasized in the last few years. The 
restoration of salt balance by giving 
physiologic or hypertonic salt solutions 
in such conditions as intestinal obstruc¬ 
tion, pyloric obstruction, peritonitis, 
duodenal fistula, abdominal distention, 
and in any condition in which excessive 
vomiting is a factor, is now recognized 
as life-saving therapy. The importance 
of sodium chloride in the treatment of 
extensive bums has been demonstrated 
by Davidson. The injection of a small 
dose of hypertonic salt solution for post¬ 
operative gas pains will often bring 
astonishing results.* 8 When chloride is 
lost as a result of disease its restoration 
becomes a specific therapy for such dis¬ 
ease. This is particularly true in ob¬ 
structive lesions of the gastrointestinal 
tract. 

StTMMABY 

Without sodium chloride there could 
be no life as we now know it. It has 
probably been an essential constituent 
of animal tissue since the beginning of 
life. Salt has played a very important 
rfile in the development of the human 
race from the standpoints of war, com¬ 
merce, religion and superstition. Its im¬ 
portance in the therapy of many ills is 
now being recognized and its clinical ap¬ 
plication common knowledge in medi¬ 
cine. It is maintained in the body at a 
very constant level and is the most essen¬ 
tial factor in controlling the water and 
chemical balance. The average adult 
body contains chlorine equivalent to 
about 300 grams of sodium chloride. It 
is found in all tissues but more abun¬ 
dantly in the skin, where it seems to be 
stored for ready use. Osmotic tension 
and acid-base equilibrium depend upon 

20 T. G. Orr, “The Treatment of Postopera¬ 
tive Gas Paine, ’ ’ Ann. Swrg., 93: 144, July, 
1931. 


the salt balance. The average daily in¬ 
take of salt with the food is 7 to 10 
grams, but the adult requirement is only 
2 to 3 grams. Normally the kidneys ex¬ 
crete the excess of salt, but in certain 
diseases of these organs excess of salt 
tends to increase and maintain oedema. 
Salt has also been charged with increas¬ 
ing blood pressure in arterial hyperten¬ 
sion. For such conditions a reduction of 
the salt of the diet is indicated. Carl 
Von Noorden 37 warns that salt reduces 
the blood’s ability to resist disease and 
points to the difference between the 
health of the sickly civilized man who 
uses too much salt and the robust savage 
who uses but little. 

That there could never be a dearth 
of salt has been shown by some ener¬ 
getic mathematician, who has computed 
that the world supply is ample for its 
needs. If the entire ocean were dried 
up it would yield no less than four and 
one half million cubic miles of rock salt, 
or about fourteen and one half times the 
bulk of the entire continent of Europe 
above high-water mark. 

To treat any disease by restoring to 
the body that which has been lost as a 
result of disease is the most rational type 
of therapy. Salt therapy is usually of 
this type. Withholding of salt, in cer¬ 
tain diseases in which its retention seems 
too great, is just as rational as supply¬ 
ing a deficiency. 

A knowledge of the disturbed metab¬ 
olism of sodium chloride serves to stimu¬ 
late our interest in otiier inorganic com¬ 
pounds of the body in general and forces 
a realization that such constituents may 
be of inestimable importance in the 
rftudy and treatment of disease. 

87 0. Von Noorden, “Why Savages are 
Healthy/’ Abst. in Popular Science UontMy, 
p. 66, Hay, 1981. 
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Convincing evidence has finally been 
produced as to the antiquity of man in 
the New World. A calendar, made up 
of the annual growth rings in pine trees, 
extending from the present back to 700 
a.d., has enabled specialists to determine 
actual building dates for hundreds of 
ancient ruins in Colorado, New Mexico 
and Arizona. Additional and unsus¬ 
pected data have been gathered concern¬ 
ing the tribes that inhabited Florida 
when Ponce de Leon discovered the 
peninsula in 1513. The mystery and 
misinformation with which the real 
American Indian has long been con¬ 
cealed have been measurably lessened. 
These are some of the important contri¬ 
butions made to the prehistory of our 
country in the past five years. 

Archeology is the study of prehistory. 
Through archeology we seek to recon¬ 
struct living history; to lift the veil of 
speculation from those diverse peoples 
who, directly or indirectly, have contrib¬ 
uted to our own civilization. Through 
archeology we endeavor to retrieve the 
history of peoples who left no written 
record of their own achievements. 

The archeological approach, of course, 
must lend itself to the particular condi¬ 
tion encountered. As Indian tribes, dif¬ 
fered in language so did they differ in 
material culture. When the Pilgrim 
Fatheif landed on Plymouth Book some 
of the Indians were still living in the 
Stone Age; some were farmers, dwelling 


in permanent villages whose very exis¬ 
tence depended upon a highly perfected 
form of communal agriculture; some 
were hunters who followed the buffalo 
herds of the Great Plains. It is the 
story of these divergent Indian peoples, 
from their arrival in the New World 
down to the coming of European colo¬ 
nists, that the archeologist seeks to re¬ 
cover and record. Almost from its very 
beginning in 1846, the Smithsonian In¬ 
stitution has been concerned with this 
problem of aboriginal discovery and set¬ 
tlement. The earliest migrations of man 
to this continent; his dispersal and de¬ 
velopment into numerous Indian tribes; 
the conquest of his environment and his 
creation and cultivation of distinctive 
plants form but a part of the prehistory 
of the Americas. 

Many theories exist in regard to the 
origin of the American Indian. The one 
most widely accepted at the present time 
is that our Indians all belong to the same 
parent stock, namely, the Mongoloid. 
This does not imply a direct relation¬ 
ship to the Mongols of the Gobi desert, 
nor to the Chinese or Japanese. It 
means merely that the preponderance of 
evidence points to a common ancestral 
stock for the American Indian and the 
Asiatic Mongoloids. The migration of 
these peoples from Asia across Bering 
Straits to Alaska, their dispersal 
throughout North and South America 
and their numerous distinct civilizations 
form the most fascinating chapters of 
American prehistory. 


*Friat*d by the courtesy of ths Smithsonian 
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Within the past five years certain ex¬ 
cavations in New Mexico, at Folsom, and 
in the Guadalupe mountains; Gypsum 
Cave, Nevada; Nebraska and elsewhere 
on the western border of the Great 
Plains, have revealed a peculiar type of 
flint projectile point associated with the 
skeletal remains of certain species of 
animals now extinct in these regions. 
These biconcave flint points were found 
with two species of bison —occidentalis 
and taylori, the musk-ox, ground sloth 
and others. Such discoveries have nat¬ 
urally led to speculations among geolo¬ 
gists, paleontologists and archeologists 
as to what geological period, or, if pos¬ 
sible, what century before Christ these 
animals ceased to exist. Of course, all 
believe that these animals lived during 
the Pleistocene period, or Ice Age, but 
since this particular geological period 
covers many thousands of years, the ex¬ 
act date remains indefinite. The ani¬ 
mals may have become obliterated 
toward the end of the Pleistocene, or at 
the beginning of the Recent Geological 
period. The evidence now in hand does 
not permit a finer time division. The 
finding, however, by Edgar B. Howard, 
working for the Philadelphia Academy 
of Sciences, of characteristic folsom 
points associated with the horns of a 
musk-ox in New Mexico would seem to 
indicate the former presence of a much 
colder climate than exists at the present 
time in the Guadalupe Mountains. Thus 
far no evidence of human skeletal mate¬ 
rial has been reported associated with 
these artifacts or the extinct animals. 
When such human skeletons are found 
together with these points, it will be of 
considerable interest to compare them 
with later Indian types. 

To pass from the earliest human re¬ 
mains thus far discovered in North 
America to those most recently retrieved 
from the unmeasured past, let us review 
briefly the results of certain archeologi¬ 
cal projects recently concluded by the 
Smithsonian Institution. As aid to the 


government’s Civil Works Administra¬ 
tion program to relieve the unemploy¬ 
ment situation last winter, the Smith¬ 
sonian was invited to furnish trained 
archeologists to supervise archeological 
excavations in Florida, Georgia, North 
Carolina, Tennessee and California. 
This program, one of the most extensive 
ever attempted at one time in the United 
States, has resulted in the reconstruction 
of prehistoric Indian cultures beyond 
the expectation of American anthropolo¬ 
gists. 

In Florida, under the direction of M. 
W. Stirling, chief of the Bureau of 
American Ethnology, three important 
sites were excavated. Near Bradenton, 
on the west coast, a mound revealed the 
entire floor plan of a temple, giving the 
first outlines of such a Florida struc¬ 
ture. It may have been at such a build¬ 
ing that Juan Ortiz was used as a watch¬ 
man, during his captivity among the 
Calusa Indians. Ortiz was the Spaniard 
discovered by De Soto when he landed 
at Tampa Bay, May 30, 1539. This is 
the first mound discovered in Florida 
which contained systematic cremations. 
In one corner of the temple a double row 
of posts reenforced the building where 
the cremations of the bodies took place. 

Mounds near Cocoa-Rockledge, on the 
east coast of Florida, contained bodies of 
the Surruque Indians, who occupied this 
part of Florida when it was discovered 
by the Spaniards. Menendez, the 
founder of St. Augustine, held a council 
in 1566 at or near Cape Canaveral 
which was attended by no less than 
1,500 of these Indians. The only knowl¬ 
edge of the Surruque left us by the early 
explorers of Florida is a brief catalog of 
repeated disasters, ending with their 
final extermination slightly more than 
100 years after their first contact with 
Europeans. It was the purpose of the 
1934 excavations to supplement these 
scanty historical records. 

A third site, near Belle Glade,. Flor¬ 
ida, revealed exceptional data requiring 
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a great deal of further study before any 
conclusion can be reached regarding the 
possible relationship of the historic In¬ 
dians with the ancient remains. 

One of the most important sites ex¬ 
amined in the Southeast was near the 
city of Macon, Georgia. Extensive ex¬ 
cavations were made in a group of 
mounds overlooking the Ocmulgee River 
as well as in others within the city 
limits of Macon. One of the most inter¬ 
esting discoveries disclosed by the Ma¬ 
con party was a well-prepared clay floor 
of a circular building. This agrees in 
most particulars with early descriptions 
of the covered ceremonial house or “hot 
house” of the Creeks—such as served 
the Indians as a combination temple, 
state house and men’s club house. By 
careful work the floor of this structure 
was entirely exposed. It consisted of a 
stiff red clay plaster packed and polished 
by numerous moccasined feet. In the 
center was a sunken fireplace and, at 
equal distances from this, post-holes 
which marked the former position of the 
principal roof supports. A most re¬ 
markable feature, and one never before 
observed in ceremonial houses of the 
southeastern Indians, is the encircling 
bench on which individual seats were 
modeled in clay and separated from one 
another by narrow ridges. Opposite the 
entrance was revealed the modeled head 
and body of a great bird, probably an 
eagle, raised somewhat to serve perhaps 
as a ceremonial platform. The decora¬ 
tion around the eye of this bird is simi¬ 
lar to the conventionalized decoration 
used on pottery recovered from an old 
village site near Moundville, Alabama. 
This would seem to indicate a definite 
relationship between the Indians in 
these distant regions. 

Near the present city of Murphy, 
North Carolina, a large mound was ex¬ 
cavated which has been identified as 
marking the ancient town of Quasili, 
visited by Hernando De Soto in 1540. 


This site, at the junction of Peachtree 
Creek and the Hiwasee River, was de¬ 
scribed, at the time of De Soto’s visit, 
as a town of 600 wooden houses—prob¬ 
ably an exaggeration—and the capital 
of a province where the hungry explor¬ 
ers were given a hearty welcome and 
feasted upon dog meat. They caught 
and cooked some of the Indian dogs, to 
the amazement of the natives, who never 
ate these animals. The red men at once 
rounded up 300 of the creatures and 
gave them to the white men to cook. 
One of De Soto’s men wrote: “The lord 
who bore the name of the province left 
the capital half a league to meet the 
Spaniards, accompanied by 500 of the 
principal persons of the country, very 
gayly dressed after their fashion. His 
lodge was upon a mound with a terrace 
round it, where six men could prome¬ 
nade abreast.’’ This site or mound has 
been definitely located by Dr. John R. 
Swanton from its peculiar geographical 
location and checks with the description 
given by the early Spanish chroniclers 
as that of OuasUL 

Within the Shiloh National Military 
Park, near Pittsburg Landing, Tennes¬ 
see, several mounds and the adjacent 
village sites were excavated. The village 
site deposits revealed numerous house 
structures; large quantities of broken 
pottery vessels were found in the 
mounds associated with the burials. 
This famous Civil War battle ground 
will contribute largely to the reconstruc¬ 
tion of the pre-historic Indians who used 
this beautiful site, located on the east 
bank of the Tennessee River, long before 
white men inhabited the region. 

On the edge of Buena Vista Lake, 
eight miles southeast of Taft, California, 
is the long-abandoned Yokut Indian vil¬ 
lage of Tulamniu, which has not been 
occupied since the Spanish explorers 
visited the site in 1806. Since then the 
once populous aboriginal settlement has 
gradually been accumulating an ever- 
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increasing covering of vegetation and the sixth century a. d. to the present 
desert sand. It remained for the 200 has been worked out. 

Civil Works employees to record the Even though the niaterial obtained 
history-telling relics of the village and from the ruins in the United States con- 
probably solve some of the important sists of non-perishable objects—except 
questions concerning the aboriginal in- in dry caves and desert regions—the 
habitants and their mode of living, science of archeology has been able to 
Various burial sites of the Vokut In- develop certain techniques which will 
dians were discovered. They were enable archeologists to determine definite 
buried in a not particularly careful criteria which can be used for establish- 
manner, but a stout post was placed ing relationships between the Indian cul- 
beside each grave. The remnants of tures in the various areas. Very little 
these posts may enable archeologists to of the perishable material culture, such 
establish a definite chronology for the as wood, feathers, skins, cloth, etc., has 
region, thus turning prehistory into been preserved, but by the excavation of 
dated history for California. The cedar historically known or documentary sites, 
posts have the annual growth rings well we can obtain the essential archeological 
preserved. It is hoped to learn, by com- pages leading back into the dim or proto¬ 
paring these rings with the long calen- historic period, and then on into the 
dar of annual tree rings shown in the dark or prehistoric. Archeology, com- 
California redwood trees, the years when bined with the study of the skeletal ma- 
the grave posts were cut and placed as terial—physical anthropology—and the 
markers for the individual graves. By study of the living Indian groups—eth- 
a similar calendar of tree rings recov- nology, hopes to reconstruct the un- 
ered from numerous remains in the biased history of the United States be- 
Southwest, an unbroken sequence from fore Columbus. 

HUNTING EARTHQUAKES 

By Rev. JOSEPH LYNCH, S.J. 

DIRECTOR, SEISMIC OBSERVATORY, TORDHAM UNIVERSITY 

A lady leaving a theater after a popu- Some time ago, we read of the unfor- 
lar lecture on astronomy was overheard tunate sinking of the Nantucket Light- 
to exclaim to her companion, “But the ship by the White Star Liner Olympic. 
most marvelous part of astronomy to my The Olympic was being guided to the 
mind is how they were ever able to find lightship by radio waves. Nowadays, a 
out the names of all the stars.” To ship can be quite definitely located by 
many people it seems equally marvelous radio shore stations if she continuously 
that at an earthquake observatory we are Bends out radio signals as the Nantucket 
able to locate an earthquake almost as was doing. In a similar way an earth- 
soon as it occurs. Yet in reality the quake can be located by earthquake ob- 
location of an earthquake at an earth- servatories by the waves it sends out. 
quake observatory is no more marvelous The earthquake corresponds to the ship 
than the discovery of the name of a star at sea constantly transmitting waves, 
by the one who gave it that name. The The observatories correspond to the 
location of earthquakes at an observe- shore stations which pick up these waves 
tory is like the water falling over and from their intensity and direction 
Niagara—it can’t be helped! instantly locate the quake. 
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An earthquake is a sadden shifting of 
a part of the earth’s crust. This shift¬ 
ing may take place near the surface or 
it may take place a hundred miles or 
more down in the crust. But wherever 
it takes place, it jars the nerves of 
mother earth and sends a quiver 
throughout her system as a blast in a 
stone quarry causes the ground in the 
neighborhood to quiver. This quivering 
of the earth might be likened to the 
quivers or ripples on the surface of a 
pond when a pebble has disturbed its 
waters. The quivers travel throughout 
the entire earth as the ripples travel 
over the entire surface of the pond. 

How can these quivers be detected 1 
They are too small to be seen and too 
feeble to be felt by the unaided senses. 
The seismograph is the instrument de¬ 
signed to detect and magnify these quiv¬ 
ers. Its principle is very simple. If an 
ordinary playing card be balanced on 
the tip of the middle finger and a penny 
placed on top of the card, the card, with¬ 
out any practise, can be flicked away, 
leaving the penny on the finger. The 
card must be flicked quickly. The 
penny stays on the finger because of its 
inertia—a Latin name for laziness. It 
refuses to be hurried away as the card 
was and it stays there. When an auto¬ 
mobile starts up suddenly, the passen¬ 
gers lurch backward because of their 
inertia—they refuse to be hurried and 
the car starts off momentarily without 
them so that they lurch backwards in 
the car. Actually, they stay still while 
the oar moves from under them as the 
penny stays still while the card moves 
from Under it. When the brakes of a 
car in motion are jammed on suddenly, 
the passengers lurch forward because of 
their inertia. In this case, they refuse 
to have their motion stopped so that 
when the car stops they continue for¬ 
ward., All bodies possess this inertia, 
and the heavier a body is the more iner¬ 
tia it possesses. 


Inertia shows itself as a resistance to 
motion. If a body is at rest it wants to 
stay at rest. If a body is in motion, it 
wants to stay in motion. We hate to go 
to bed, but when we are there, we want 
to stay there. This is the principle of 
the seismograph—because of its inertia 
it stays still while the ground under¬ 
neath it moves. A seismograph is a 
pendulum with its tip resting gently on 
the ground. When the ground under¬ 
neath the pendulum quivers, as it does 
in an earthquake, the pendulum, because 
of its inertia, refuses to quiver so that if 
the ground moves slightly towards the 
right, the pendulum stays still and rela¬ 
tive to the earth appears to move to the 
left. If the tip of the pendulum be rest¬ 
ing in loose sand, the relative motion of 
pendulum and earth will be traced out 
in the sand. This was the arrangement 
in the early types of seismographs. An 
ordinary pendulum was suspended so as 
to have its tip resting in loose sand on 
the ground—the motion of the ground 
would then be traced out by the pendu¬ 
lum in the sand. As each new quiver 
was traced out, the figure on the ground 
became very complicated. To avoid this 
complication the next improvement was 
to have the tip of the pendulum resting 
not on the ground directly, but on a 
sheet of paper covered with lampblack. 
This paper was wound on a drum which 
was kept revolving by clockwork under 
the pendulum. With the ground at 
rest the tip of the pendulum would 
scratch out a white line in the lamp¬ 
black on the paper as the drum moves 
continually forward under the pendu¬ 
lum. If the earth quivered, i.e., if an 
earthquake occurred, the drum, since it 
is attached to the earth, would also 
quiver and this quiver would be traced 
out in the lampblack as a sideways mo¬ 
tion due to the sideways motion of the 
drum under the tip of the pendulum. 
The pendulum is so suspended that it 
can only move from side to side in one 
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plane. If two such pendula be placed, 
one facing north and south and the 
other east and west, they will between 
them pick up any quiver from whatever 
direction it may come. 

The motion of such a simple pendu¬ 
lum will, of course, be very slight—par¬ 
ticularly if it is some distance from the 
scene of the quake. To magnify the 
motion so as to make it more visible, 
several devices have been introduced. 
In one instrument, the tip of the pendu¬ 
lum, instead of resting on the smoked 
paper directly, is attached to the short 
arm of a lever—the tip of the long arm 
resting on the smoked paper and acting 
as the pen. Other and better instru¬ 
ments do away with the smoked paper 
altogether and substitute for it sensi¬ 
tized photographic paper. The pen in 
this case is a tiny beam of light reflected 
from a mirror attached to the end of the 
pendulum—a motion of the mirror 
causing a motion of the beam of light 
over the photographic paper. This opti¬ 
cal lever is a big improvement over the 
mechanical lever previously mentioned. 
The most sensitive types of seismographs 
have a coil attached to the end of the 
pendulum. Two powerful magnets are 
set up on either side of the coil and each 
quiver of the coil in this magnetic field 
generates a current which moves the 
mirror of a galvanometer, the mirror in 
turn reflecting a light spot back and 
forth across the photographic paper to 
give us our record of the earth’s motion 
magnified about 2,000 times. 

When an earthquake occurs, then the 
whole earth quivers and this quivering 
can be detected by seismographs, utiliz¬ 
ing the principle of inertia. But how 
can we tell from a record of this quiver¬ 
ing just where the earth did quake ? 

When the earth quakes, it sends 
throughout the earth two distinct kinds 
of quiver—two distinct kinds of ripples 
which travel at different rates. Just as 
in a thunder storm at each lightning 
discharge we both see the lightning and 


hear the thunder because both a light 
wave and a sound wave are sent out 
from the disturbance in the clouds, so in 
an earthquake two distinct kinds of 
waves are sent out—one pushing or com¬ 
pressing the earth ahead of it and hence 
called a compressional wave, and the 
other shaking the earth from side to side 
as it travels and hence called a trans¬ 
verse wave. Like the thunder and the 
lightning waves, these two earthquake 
waves travel at different rates—about 
five and three miles per second, respec¬ 
tively. For every second we can count 
between the thunder and lightning 
waves, the distance of the thunderbolt is 
one fifth of a mile from the observer, so 
for every second we can count between 
the compressional and transverse waves 
of an earthquake, the quake is a corre¬ 
sponding distance away—for instance, 
in the last Utah quake of March 12, the 
number of seconds counted at Fordham 
between the two quake waves was 293, 
amounting to a distance of 1,940 miles. 
The seismograph records the arrival of 
these waves, and the exact second at 
which each arrives is told by time marks 
placed automatically on the record by 
an accurate clock. 

So much, then, for the distance of a 
quake from a given observatory, deter¬ 
mined by the number of seconds elapsing 
between the arrival of the compressional 
and transverse earthquake waves. But 
how is the direction determined? If 
we have three stations in communica¬ 
tion, the matter is simple. If we de¬ 
scribe three circles on a globe with each 
of the three stations as centers and the 
distances of the quakes from the respec¬ 
tive stations as radii, the three circles 
can only intersect at one point and that 
point is the center of the quake, With 
sufficient instruments we can locate the 
position of the quake from the records 
of a single station, but the description 
of such a method is beyond the scope of 
so short a talk. 

In conclusion, just a> word on the 
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practical side of earthquake study. One 
of the most important aims of seismol¬ 
ogy is the protection against earthquakes 
by proper building construction and 
proper and adequate insurance. Very 
careful study of the findings of seismol¬ 
ogy has been made by the Board of Fire 
Underwriters of the Pacific. A staff of 
qualified engineers has been maintained 
by them in the Los Angeles and San 
Francisco regions, studying the effects 


of earthquakes on buildings there, and 
their findings have resulted in consider¬ 
able improvement in the building codes 
and in adequate insurance against earth¬ 
quake loss. We always will have earth¬ 
quakes, but they can be efficiently pre¬ 
pared for and adequately insured 
against at a reasonable cost, and the 
efforts of the Board of Underwriters of 
the Pacific in this connection deserve 
more than a word of thanks and praise. 


HEALTH AND THE DEPRESSION 

By G. ST. J. PERROTT 

CONSULTANT, U. S. PUBLIC HEALTH SERVICE; RESEARCH ASSOCIATE, MILBANK 

MEMORIAL rUND * 


One of America's greatest resources 
is the health and vitality of its people. 
Health outranks in importance our nat¬ 
ural resources of coal and iron and 
forests. It is infinitely more precious 
than our gold and silver, our bank depos¬ 
its or all the output of our factories. In 
the past, our energy and health made us 
the great nation that we are to-day. 
Has the health of the people of the 
country been damaged by the economic 
depression? Is sickness prevalent among 
the unemployed and their families ? Are 
the sick receiving adequate medical 
care? Are the “depression poor” get¬ 
ting enough food and a balanced diet? 
Are we bringing up a crop of malnour¬ 
ished children to be the victims of tuber¬ 
culosis in later years? These are fair 
questions, important questions—but we 
are only beginning to answer them. For 
while we gathered voluminous statistics 
on mineral reserves, bank deposits and 
factory production, we know little about 
the health of the people as a whole ex¬ 
cept what we could surmise from "the 
number of persons dying each year. 

When the economic depression re¬ 
duced the standards of living of millions 
of Americans to a bare subsistence level, 
when many had inadequate food and 


clothing and shelter, and were forced to 
look to public charity for support, mis¬ 
givings arose as to the effect of these 
conditions on health. But when the 
death rate was examined, it was found 
that fewer people were dying in these 
depressed times than had died during 
the preceding prosperity. Each year 
from 1929 to 1933, the deaths from all 
causes (including deaths of infants and 
deaths from tuberculosis) declined, un¬ 
til in 1933 the death rate had reached 
the lowest figure on record. This led 
optimists to speculate as to the possible 
advantages of the depression from a 
health standpoint. They talked of the 
desirability of “ tightening the belt dur¬ 
ing hard times” and **living the simple 
life.” Others felt that any ill effects of 
the depression would not be reflected 
immediately in an increased death rate, 
and furthermore that serious damage to 
the health of the people had been pre¬ 
vented by a very effective program of 
public health and social relief. Their 
chief concern was lest this relief work be 
discontinued before the economic emer¬ 
gency was over. 

Surgeon-General Hugh S. Cumming, 
of the U. S. Public Health Service, rec¬ 
ognized .the need of obtaining additional 
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first-hand information on the health of 
unemployed workers and their families. 
So, early in 1933, he directed that a 
house-to-house health canvass be made 
in a number of large cities for the pur¬ 
pose of finding the nature and extent of 
illness in families of wage-earners that 
had been hard hit by the depression, 
and of comparing their health with that 
of more fortunate families where the 
wage-earner had kept his job through¬ 
out the depression. Districts were se¬ 
lected in the poorer sections of the cities 
but not in strictly slum areas. A record 
was obtained of the illnesses of each 
member of the family for the three 
months before the visit, together with 
the medical care received by any sick 
member of the household and whether it 
was paid for or obtained free. In addi¬ 
tion, the income of each wage-earner was 
recorded for each year from 1929 to 
1932. For a selected group of 1,200 
families, information on the daily diet 
was obtained in order to judge if the 
food were adequate to maintain health. 
Physical examinations of school children 
in the surveyed families in two localities 
were made to determine the extent of 
malnutrition. During the course of the 
study, visits were made to the homes of 
some 12,000 families in ten cities by in¬ 
vestigators from the Public Health Ser¬ 
vice and the Milbank Memorial Fund. 

The incomes of these families show 
that their standard of living must have 
been very low. It was found that 75 per 
cent., or 9,000 families, had incomes of 
less than $1,200 in 1932, and 40 per cent, 
of them had incomes of less than $600 
that year. In 1929, on the other hand, 
three fourths of these people had been 
in reasonably comfortable circumstances. 
On the day of the visit in 1933, one fifth 
of all the families were depending on 
public relief and many others had no 
means of support.. 

When the illness records of these 
people were studied, the highly signifi¬ 
cant fact was found that health had 


suffered most in families hardest hit by 
the depression. The illness rate was 
more than 60 per cent, higher in these 
families than it was among their more 
fortunate neighbors who had suffered no 
drop in income. Sickness among these 
“new poor” was more prevalent than 
among the “chronic poor” who had 
been poverty stricken even in 1929, a 
fact which suggests that ill health is in 
some way associated with sudden change 
in the standard of living. The direct 
effect of unemployment is suggested by 
the fact that the sickness rate in families 
having no employed workers was 66 per 
cent, higher than that in families with 
full-time workers and 27 per cent, 
higher than that of families with part- 
time workers only. These higher illness 
rates appeared among the children as 
well as among the adults. Malnutrition 
among children in families suffering the 
greatest drop in income was found to be 
nearly twice as high as in families in 
comfortable circumstances in 1933. 
Children in families without social re¬ 
lief were found to have a higher rate of 
malnutrition than similar families aided 
by relief. 

The diets of these families reduced to 
poverty during the depression had suf¬ 
fered along with their incomes. Diets 
were particularly deficient in the protec¬ 
tive foods—milk, citrus fruits and fresh 
vegetables. These foods were consid¬ 
ered luxuries, and low-priced bulky and 
filling foods, such as beans and maca¬ 
roni, were substituted. The deficiency 
in the diets of the new poor may well 
have contributed to their increased sick¬ 
ness. 

The general conclusion from this sur¬ 
vey of 12,000 families is that the highest 
incidence of disabling illness appeared 
in the group that suffered the greatest 
loss of income during the depression. 
This was true of each city, separately as 
well as for the group as a whole, If 
these findings are representative of tins 
country, why has not the gross death 
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rate increased f Why have infant and 
tuberculosis mortality, in general, con¬ 
tinued to decline t 

A final answer to these questions can 
not be given. Certainly the low death 
rate for the country as a whole is en¬ 
couraging evidence that the economic 
depression has not killed very many of 
the American people. However, this in¬ 
dication should be accepted only in so 
far as it really is a sign of good health. 
The death rate is not an adequate cri¬ 
terion of the extent of sickness. It is not 
affected immediately by unfavorable liv¬ 
ing conditions unless starvation and 
pestilence are actually present. It does 
not promptly measure decreased resis¬ 
tance to disease. It is not an accurate 
measure, for example, of malnutrition. 
The human animal is hard to kill, and 
will take much punishment before actu¬ 
ally dying. We now have a higher 
standard of health than one which is 
concerned merely with warding off 
death. The average American wants to 
be alive and well, not merely alive. If 
he is not well, he wants adequate medical 
care to make him well. 

As we have seen, there are indications 
that while the average American is alive, 
he is not always as well as he should be. 
Sickness rates have apparently risen 
among the unemployed population, espe¬ 
cially in those instances where social 
relief has been unequal to the situation. 
Signs of an increase in the number of 
cases of mental disease are not lacking. 
Malnutrition among school children has 
increased in some localities. Higher in¬ 
fant and tuberculosis mortality have 
been experienced in certain areas of 
New York City where unemployment 
was most serious. The urban death rate 
for the country has been on a higher 


level for the first six months of 1984 
than for the corresponding period in 
1933. Thus the health picture may not 
be as rosy as it has been painted. 

Conditions would probably be much 
worse to-day were it not for the untiring 
efforts of the medical profession and 
public health and relief organisations. 
While the new poor in the surveyed 
families received considerably less doc¬ 
tor’s care than that to which they had 
been accustomed in better times, the 
physicians of the country responded 
generously to the needs of these people. 
The doctor received no remuneration for 
over 50 per cent, of the visits made to 
this group. The hospitals also gave a 
tremendous amount of free care—85 per 
cent, of all hospital care to these fam¬ 
ilies was free. This unselfish service, 
together with the care provided by pub¬ 
lic and private relief agencies, has prob¬ 
ably prevented what might have been 
more serious results of the depression 
had illnesses gone entirely unattended. 

While we can justly congratulate our¬ 
selves on past accomplishments, even 
more must be done in the future. The 
indication of increased illness among the 
unemployed may not indicate a serious 
condition now, but it does point a warn¬ 
ing finger ahead. It must be recognized 
that, in addition to life, liberty and the 
pursuit of happiness, health is an in¬ 
alienable right of the American people. 
Medical care is a necessity of life, as well 
as food, clothing and shelter. These 
necessities must be made available to all 
if the health and efficiency of the wage¬ 
earning population are to be maintained. 
We may not yet have felt the full effect 
of the depression on our health and 
vitality. Every effort must be made to 
preserve this great national resource. 



THE GREATEST FACTORY IN THE WORLD 


By Dr. GEORGE J. PEIRCE 
ntorissoR or botany, ucebitub, btantobd university 


Perhaps I should justify at once the 
high-sounding title of this discourse, and 
I am glad to do so. Every pound of 
food, every particle of clothing, most of 
our houses, many of our implements, 
most of our luxuries, are the products of 
this factory. It has no subsidiaries, but 
it has units all over the world. Most of 
them operate only seasonally, some of 
them throughout the year; but their 
working day is as strictly limited as if 
by code or by union. The factory is the 
green leaves of plants. 

If we undertake to state the total 
value of the foe 1 products alone we have 
to consider very large figures. The an¬ 
nual production of human food in the 
United States of America is valued at 
approximately fifteen billions of dollars 
($16,000,000,000). The value of food 
produced for human consumption, but 
devoured before or after harvest by 
other animals, may be estimated at one 
quarter of this sum. The value of what 
might have become food for these preda¬ 
tory animals and for man, but consumed 
by parasites living on the food plants, 
may be estimated at one eighth of this 
sum. We may set the year’s potential 
production of the United States at 
twenty billions of dollars worth of 
food. Because we can not appraise in 
dollars what nourishes the birds of the 
air, the beasts of the field, the wild ani¬ 
mals of the woods and the creatures 
inhabiting the waters, we can form only 
a vague idea of the magnitude of the 
yearly yield. The quantity is stupen¬ 
dous, the value can not be stated in the 
terms of any currency. When we con¬ 
sider the secondary products, the cotton, 
wool, Bilk, of our clothing, the hides and 
skins in our shoes and gloves, the woods 


of our houses and furniture, the handles 
at least of many of our tools, the cases 
and cabinets of our pianos and radios, 
and add those values to that of the for¬ 
ests and jungles which are the homes of 
other men and of other animals, and 
from which we derive rubber, quinine 
and many other industrial and drug ma¬ 
terials, we can imagine no measure of 
value. We may go back to an old ex¬ 
pression, “Green plants stand between 
the animal world and starvation,” but 
this gives us an idea of the importance, 
though not of the value, of the factory. 

There is no general store of food in 
nature. In the earth’s crust are accu¬ 
mulations of oil, coal, gas, iron, gold— 
the products of ages past. Here and 
there are bodies of fresh and of salt 
water. Man’s need of materials for im¬ 
plements and fuel are supplied from 
these stores. But there is no accumula¬ 
tion of food, or of any raw material 
from which man knows how to make 
food. It is made annually, for the most 
part seasonally, in the hours between 
sunrise and sunset, whenever and wher¬ 
ever there are warmth enough and 
water enough. Because the production 
of food is periodic, with no considerable 
store anywhere, the world’s margin of 
safety against starvation is at all times 
narrow. All concentrations of popula¬ 
tion into cities, towns, islands, ships, 
etc., involve the hazard of starvation, 
partial or complete. Under the condi¬ 
tions of our civilization the production 
and the consumption of foods may be 
widely separated, and in all cases most 
of the food made is consumed outside 
the factory. 

The factory is the world of green 
about us, the green leaves of the fields, 
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the orchards and the gardens, the forests 
of the land, the seaweeds which clothe 
our rocky coasts and float in the oceans, 
those smaller weeds which infest our 
swimming pools and reservoirs, obstruct 
our irrigation ditches and may even 
constrict our streams and interfere with 
navigation. The leaves of land plants 
are ordinarily green in appearance. In 
autumn they may change to reds and 
yellows, in summer and in spring their 
greenness may be overlaid and obscured 
by red or yellow pigments, and parts 
may be blanched or empty, showing yel¬ 
low or white. The seaweeds may be red 
or brown or green, but in every case 
green is the underlying color. Why this 
greenness? Just as furnace, engine, 
dynamo and motor are essential parts of 
any other factory, delivering the energy 
for operation, so the green color of 
plants delivers the energy required and 
used in the manufacture of food. This 
color is contained only in the living 
parts of plants. It is made by the liv¬ 
ing cells, it absorbs energy for the living 
cells, and this energy is used by the liv¬ 
ing cells in converting the raw materials 
into foods. The green color is a screen 
capturing energy. Like the photo¬ 
graphic film or plate, the receiver of a 
telephone or the antenna of a radio, the 
green color of leaves intercepts and ab¬ 
sorbs energy. The energy is used, ap¬ 
plied and consumed in making foods 
from raw materials as coal is consumed 
in making cloth from fiber. The energy 
is sunlight. The quantity and quality 
of sunlight reaching the green leaves of 
plants varies with the length of day, the 
altitude, the exposure and the quality of 
the air. The dry clear air of the desert 
and the sparkling dustless air of the 
Sierra Nevada permit a larger fraction 
of total daylight, and especially a 
larger fraction of the violet and ultra¬ 
violet portions of the sunlight, to reach 
the surface than can pass through the 
high fog of our coast counties or the 
high humidity of *the Atlantic seaboard. 


But of the sunlight falling upon the sur¬ 
face of a leaf only a part is absorbed, 
the rest being reflected or transmitted. 
If all the sunlight were absorbed leaves 
would look black. Only a part of the 
sunlight is absorbed and the Test es¬ 
capes, giving us the impression of green¬ 
ness. What is absorbed consists of 
radiant energy of certain wave-lengths, 
mainly red rays and blue rays. These 
rays are used to do the work of convert¬ 
ing food materials into foods, raw mate¬ 
rials into finished products. 

The different shapes, sizes and posi¬ 
tions of the leaves and other green parts 
of plants, in the sea and on the land, are 
primarily determined by the need of 
energy, the means of absorbing it; but 
protection against drying, protection 
against destruction by wind, rain and 
enemies, these also must be provided. 
The shape, size, texture, therefore, of 
every leaf represent the adjustment 
which the growing leaf made to ail these 
influences, just as a boy grows to shape, 
size and color determined by his parent¬ 
age and circumstances. The structure 
of the greatest factory in the world, the 
green parts of plants, is no less perfectly 
fitted for the intake of raw materials 
and the elimination of waste. Examina¬ 
tion of the ground plan and elevation of 
such a factory discloses unnumbered 
green cells with air spaces between, 
forming a fairly compact palisade in the 
upper third and a loose sponge in the 
lower two thirds of the thickness of the 
ordinary horizontal leaf. Through the 
so-called breathing pores on the surface 
air passes freely, inward and outward, 
into and out of these air-spaces when¬ 
ever the pores are open; and through a 
system of tubes, which also form the 
framework of the leaf, water moves 
from the roots and stems into the leaf 
and back again to stems and roots; 
water, carrying dissolved raw material, 
and dissolved foods, according to the 
direction of the current: intake and ex¬ 
port, f*om air and soil to the factory. 
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from the factory to the growing or 
working or storing tissues, as the case 
may be. 

The raw materials for this factory 
come from air and soil, the wastes re¬ 
turn to air and soil, the finished prod¬ 
ucts remain in the body of the plant. 
The raw materials are of three sorts, all 
very simple, all very stable, all very 
common and all readily dissolving in 
water. Some of them are solids—the 
soil substances; one is a liquid—namely, 
water; the third is a gas—the carbon 
dioxide of the air. This last is formed 
by human beings and almost all other 
living things, and given off to the air. 
It is formed when coal, wood, gas, gaso¬ 
line, oil and many other substances are 
burned. Great quantities of it are 
formed in times of forest fire, and it 
escapes with other hot gases from the 
vents of active volcanoes. Nevertheless, 
although the quantity of carbon dioxide 
gas in the air is enormous, the dilution 
is strikingly great. Two hundredths of 
one per cent, is the usual proportion. 
Yet because it is a gas, and in gases 
which we call the air, it moves with such 
ease, freedom and speed that it is never 
exhausted in any one spot, no matter 
how rapid the absorption. It is unlike 
water in this respect, for water may be 
taken in or be needed by a plant faster 
than it can be provided. Hence fre¬ 
quent rain or irrigation is needed to 
maintain an adequate supply. And the 
solids are still slower. They move only 
in solution in the soil water or as they 
may be moved by washing. The solids, 
the plant foods, as the agriculturist calls 
them, or the food materials, as the bota¬ 
nist calls them, are the nitrates, phos¬ 
phates, sulfates and chlorides which 
make up such a large part and the most 
valuable part of the soil. These furnish 
the nitrogen, sulfur, phosphorus, the 
iron, potassium, calcium and magnesium 
which are such important elements in 
our diet. 

We have thus formed some idea of the 


factory in which all our food is manu¬ 
factured—the green leaf; the energy 
with which it operates—the sunlight; 
the raw materials which it uses—carbon 
dioxide from the air, water from the 
soil, certain substances called salts which 
the soil water takes up, dissolves, from 
the soil. 

Every day when it is warm enough 
and wet enough and light enough foods 
are made in green plants. These foods 
are sugars, starches, fats and oils and 
more complex substances called proteins. 
The first and simplest of these are 
sugars. All the rest are derived from 
them by subtraction or addition or re¬ 
arrangement of atoms in the molecules. 
The combination of carbon dioxide and 
water into sugar is the most important 
chemical process in nature, for upon it 
depends the existence of the world of 
living things, of ourselves and of all the 
other animals and the plants. Apply¬ 
ing energy which comes in the form of 
light from the sun to carbon dioxide and 
water, living cells manufacture in the 
hours of daylight the most valuable and 
one of the most common substances in 
nature. The process goes on daily. We 
see no smoke or dust, we hear no noise, 
we see and smell and taste no wastes 
from this factory. On the contrary, it 
purifies the air and returns to it one of 
its most valuable ingredients, oxygen. 

How this combination is effected re¬ 
mains the business secret of the greatest 
factory in the world. In spite of the 
most careful, persistent and ingenious 
study of botanists, chemists and physi¬ 
ologists, the details of manufacture are 
unknown. The factory is known, the 
raw materials are known, and the en¬ 
ergy ; the products are priceless and in¬ 
dispensable; the process remains un¬ 
known. 

In spite of this fundamental igno¬ 
rance, botanists have enormously im¬ 
proved and increased the products; 
they have protected the factory from 
injury by parasites; they have protected 
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it from interference by soil and air pol¬ 
lutions, from poisonous gases, from the 
dusts thrown out by some of man's fac¬ 
tories; they have made the production 
of food and its derivatives of all sorts 
more secure, more suitable for human 


needs, more abundant and cheaper. It 
remains for men in other fields to im¬ 
prove the means of distribution, so that 
each and all may have due share of the 
products of the greatest factory in the 
world. 


DO SNAKES HAVE LEGS? 

By Dr. BERT CUNNINGHAM 

PROFESSOR OF BIOLOGY, DUKE UNIVERSITY 


Fkom time to time one hears of snakes 
that are said to have legs; in some of the 
cases the legs are visible under all cir¬ 
cumstances, while in others they become 
visible only under some special circum¬ 
stances, as for example when a snake is 
run over by an automobile or when a 
specimen is tossed into a fire. 

It is commonly known that there are 
legless lizards that have bodies quite 
similar to snakes, so much so in fact that 
they are often mistaken for snakes. It 
is perhaps less well known that there are 
other lizards which have very small legs 
and exceedingly long snake-like bodies. 
Such a specimen is shown in Fig. 1. 
Doubtless upon superficial examination, 
one unacquainted with the technical dif¬ 
ferences between lizards and snakes 
might well call this a snake with legs. 
It has, however, several characteristics 
which separate it from serpents, namely, 
movable eyelids and external tympanic 
membranes which any one may easily 
observe; besides, there are certain inter¬ 
nal structures, such as the shoulder 
girdles, which are never to be found in 
serpents, and the manner of hinging the 
jaw, which is entirely different from 
that of snakes. , 

In other shake-like lizards the poste¬ 
rior legs have disappeared and only 
small fore legs are present. This type is 
shown in Fig. 2. In still others the fore 
legs have disappeared and the hind legs 
have become flap-like (see Fig. 3) struc¬ 
tures, bearing but little resemblance to 
legs. Still others have entirely lost both 


pairs of legs, and also have become so 
highly modified internally that it takes 
a herpetologist to separate them from 
snakes. 

With such specimens as these possible 
and considering the superficial knowl¬ 
edge of the average person, one would 
not be at all surprised to hear reports of 
snakes with legs, the same being not 
snakes but lizards with slightly devel¬ 
oped legs. 

The explanation of the protrusion of 
legs when a serpent is crushed or thrown 
into the fire is as simple as the foregoing. 
For many years I have heard of snakes 
extending their legs when thrown in the 
fire, as well as under other circum¬ 
stances. The story to the herpetologist 
is old and threadbare, but not so to the 
average citizen. For years I had hoped 
to examine at first hand one of these 
specimens. Finally the opportunity 
came. The case was reported in the 
newspapers, and I secured the specimen, 
a spreading adder. The animal with the 
distended “legs” is shown in Fig. 4. 
An x-ray of this specimen is shown in 
Fig. 5. At first glance the right and left 
structures are different, the right being 
more compact and appearing to have 
strips of bone within it. Figs. 6 and 7 
show a similar condition observed in 
another species, while Figs, 8 and 9 show 
the condition in another specimen of the 
spreading adder, which was kindly 
loaned to me by the zoological museum 
of the University of Michigan. In none 
of these specimens is there a hint of any 
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bone structure similar to those of a leg, 
and in none of them is there any evi¬ 
dence of any bones similar to the pelvic 
girdle. This leads me to say what every 
herpetologist knows, that these struc¬ 
tures so often called * ‘legs’* are but the 
copulatory organs (hemipenes) of the 
snake, which are extruded through the 
cloacal opening. 

But the ancestors of snakes did have 
legs (be ye naturalist or fundamental¬ 
ist), and there are some species still in 
existence which bear the marks of their 
ancestry. These have short spurs on the 
outside connected with bones running 
lengthwise of the body, such as are 
shiftvn in Fig. 10. This condition is to 
be found in the python and some of its 
relatives. 

It was our good fortune to be able to 
secure a specimen of Constrictor orphius 
from the West Indies, also loaned us by 
the University of Michigan, for photo¬ 
graphic and x-ray purposes. A ventral 
view showing the spur is shown in Fig. 
11, while Fig. 12, an x-ray, shows the 
internal relation of this structure to the 
long bones within the body. The spurs 
are thought to aid in climbing, and 
some look upon them as vestigial hind 
limbs. 

Since there are snakes with structures 
so nearly like “legs” and since it is 
assumed with good reason that the an¬ 
cestors of snakes were legged animals, 
one should not be surprised if occasion¬ 


ally, perhaps extremely rarely, one 
should find a serpent with structures 
which, while anomalous, resemble legs. 
Such an instance was reported to the 
Soci6t6 de Biologie in 1902 by Launoy. 1 
Concerning the specimen he says: “At 
the level of the anus, laterally and sym¬ 
metrically placed one may see two well- 
developed buds of unequal proportions 
and form. One is enlarged distally and 
attached to the body by a peduncle; the 
outer end is divided into two distinct 
digits which are without nails. There 
was no evidence of a pelvic girdle.” 
Histological examination did not reveal 
any bony tissue in these structures. 
Whether these structures may be called 
legs or not, the author (Ldunoy) evi¬ 
dently thought they were and so ex¬ 
pressed himself in the title of the paper. 

When one is asked, therefore, if 
snakes have legs, the answer is that of 
the politician, “Well, sometimes yes and 
then again no,” and again, “It depends 
upon your definition of snake and leg”; 
but if the question be restricted to our 
common North American snakes and to 
real legs the answer is most surely no— 
the structures so often thought to be legs 
are nothing more than hemipenes or 
copulatory organs. But that does not 
necessarily mean that no one shall ever 
find a snake with legs. 

* f * Embryon de vip&re bipede et cyelo- 
cephale,” Comptes Jtcndus Sor . Biol ., 54: 449- 
50. 


“SNAKES” WITH “LEGS” 

Fig. 1. A snako-Hke lizard, the throe-toed seps, which has four very much reduced legs. 
Photographic copy, Harmsworth Natural History. Fig. 2. A snake-lik© lizard, the Mexican am- 
phisbaena, in which the posterior legs have completely disappeared. Source same as above. 
Fig, 3. A snake-liko lizard, scale-footed lizard, the fore legs of which have disappeared, and the 
hind limbs are scaly paddles. Source same as above. Fig. 4. Spreading adder, Heterodon con - 
tortrto (Hund) showing structures said to be “legs” in newspaper reports. Fig. 5. X-ray pho¬ 
tograph of above specimen. Fig. 6. Ventfai view of Farancia abamira Holbrook, showing pro¬ 
trusion of hemipenes. Fig. 7. X-ray photograph of above specimen—(specimen secured through 
the courtesy of the “Bug-House Laboratory”). Fig. 8. Another specimen of the spreading 
adder. Fig. 9. X-ray of the above specimen. Fig. 10. Photographic copy of python “spurs” 
and vestigial bones, from Romanes. Figs. 11, a, b, c. “Spurs” of snakes of the python type. 
Fig. 12, X-ray of Constrictor orphius showing the relation of vestigial bones and spurs. All 
x-rays were made through the courtesy of Dr. Reeved, of Duke University Hospital. 
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THE PROGRESS OF SCIENCE 

THE BRITISH ASSOCIATION AT ABERDEEN 


Early in September, for the third 
time daring its one hundred and three 
years of existence, the British Associa¬ 
tion for the Advancement of Science 
convened in Aberdeen. On the occasion 
of its first visit three quarters of a cen¬ 
tury ago. His Royal Highness the Prince 
Consort was president of the association 
and delivered the inaugural address. 
To mark the occasion the following mes¬ 
sage was conveyed to the King: 

Your Majesty,—Wo, the members of the 
British Association for the Advancement of 
Science assembled in the City of Aberdeen in 
annual session, desire humbly to recall to Your 
Majesty that it was in this City that His 
Royal Highness The Prince Consort assumed 
the Presidency of the Association in the year 
1859. From the Presidential ChaiT, he con¬ 
veyed to the assembled members of the AsBo- 
cation a gracious message from Her Majesty 
Queen Victoria, and delivered an address which 
disclosed his own profound interest in the ad¬ 
vancement of Science. The many marks of 
Royal favour which have been extended to our 
Association on subsequent occasions have pro¬ 
vided further signal encouragement to us in our 
pursuit of the aims defined by His Royal High¬ 
ness, and on all these counts we now desire to 
express to Your Majesty our humble gratitude. 

J. H. Jeans, President, 

The following reply was received from 
Sir Clive Wigram: 

I am commanded by the King to thank the 
members of the British Association for the 
Advancement of Science for the loyal message 
which they have addressed to His Majesty, 
their patron, from the Inaugural General Meet¬ 
ing in the Ancient City of Aberdeen. His 
Majesty appreciates their kind remembrance of 
the occasion when the Prince Consort, as Presi- 
dent of the Association, delivered a message 
from Queen Victoria to the members assembled 
in this City three quarters of a century ago. 
The King desires me to assure the members of 
his unabated interest in their meetings and his 
confidence that their investigations into the 
manifold problems confronting present day aci- 
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entistB will continue to be productive of results 
which will benefit mankind. 

Over two thousand scientific men and 
women of Great Britain—together with 
workers of many countries—assembled 
under the presidency of Sir James H. 
Jeans in the Capital buildings of Aber¬ 
deen. Not for fifty years had the presi¬ 
dential chair been occupied by a theo¬ 
retical physicist, and Sir James re¬ 
marked that “in the interval the main 
edifice of science had grown almost be¬ 
yond recognition, increasing in extent, 
dignity and beauty. Yet the theoretical 
physicist must admit his own depart¬ 
ment looks like nothing so much as a 
building which has been brought down 
in ruins by a succession of earthquake 
shocks,'' because it had been built on thG 
“ever-shifting sands of conjecture.” 

Sir James continued his discourse on 
“The New World-Picture of Modem 
Physics” and in conclusion considered 
the topic of science and unemployment 
discussed in the April number of The 
Scientific Monthly by Drs. Millikan, 
Jewett, Coolidge and Karl T. Compton. 
Tt is thus of especial interest to note the 
last paragraphs of his address: 

This last brings us to the thorny problem of 
economic depression and unemployment. No 
doubt a large part of this results from the 
war, national rivalries, tariff barriers and va¬ 
rious causes which have nothing to do with 
science, but a residue must be traced to sci¬ 
entific research; this produces labor-saving de¬ 
vices which in times of depression are only too 
likely to be welcomed as wage-saving devices 
and to put men out of work. The scientific 
Robot in Punch *s cartoon boasted that he could 
do the work of 100 men, but gave no answer to 
the question—*‘ Who will find work for the dis¬ 
placed 99?” He might, I think, have an¬ 
swered —* * The pure scientist, in part at least . } 9 
For scientific research has two products of 
industrial importance—the labor-saving inven¬ 
tions which displace labor, and the more fun- 
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damcntal discoveries which originate as pure 
science, but may ultimately lead to new trades 
and new popular demands providing employ* 
meut for vast armies of labor. 

Both are rich gifts from science to the com* 
munito. The labor-saving devices lead to eman¬ 
cipation from soul-destroying toil and routine 
work, to greater leisure and better opportuni¬ 
ties for its enjoyment. The new inventions add 
to the comfort and pleasure, health and wealth 
of the community. If a perfect balance could 
be maintained between the two, there would be 
employment for all, with a continual increase 
in the comfort and dignity of life. But, as I 
see it, troubles are bound to arise if the balance 
is not maintained, and a steady flow of labor- 
saving devices with no accompanying steady 
flow of new industries to absorb the labor they 
displace, can not but lend to unemployment and 
chaos in the field of labor. At present we have 
a want of balance resulting in unemployment, 
so that our great need at the moment is for 
industry making discoveries. Let us remember 
Faraday ’s electromagnetic induction, Maxwell’s 
Hertzian waves and the Otto cycle—each of 
which has provided employment for millions of 
men. And, although it is an old story, let us 
also remember that the economic value of the 
work of one scientist alone, Edison, has been 
estimated at three thousand million pounds. 

Unhappily, no amount of planning can ar¬ 
range a perfect balance. For as the wind 
bloweth where it listeth, so no one can control 
the direction in which science will advance; the 
investigator in pure science docs not know him¬ 
self whether his researches will result in a mere 
labor-saving device or a new industry. He only 
knows that if all science were throttled down, 
neither would result; the community would be¬ 
come crystalized in its present state, with noth¬ 
ing to do but watch its population increase, and 
shiver as it waited for the famine, pestilonce or 
war which must inevitably come to restore the 
balance between food and mouths, land and 
population. 

Is it not better to press on in our efforts 
to secure more wealth and leisure and dignity 
of life for our own and future generations, 


even though we risk a glorious failure, rather 
than accept inglorious failure by perpetuating 
our present conditions, in which these advan¬ 
tages are the exception rather than the rule? 
Shall we not risk the fate of that ovor-am- 
bitious scientist Icarus, rather than resign our¬ 
selves without an effort to the fate which has 
befallen the bees and ants? Such arc the ques¬ 
tions 1 would put to those who maintain that 
science is harmful to the race. 

Sir James paid tribute to the late Hir 
William Hardy, owing to whose death 
he was in the presidential chair. The 
Hardy Memorial Lecture, delivered by 
Sir Frank Smith, constituted the first 
of the two customary evening discourses. 
He spoke on the preservation of meat, 
fish and fruit, a problem to which Hardy 
had devoted most of his life. The other 
discourse was given by Professor W. L. 
Bragg, who discussed “The Exploration 
of the Mineral World by X-rays . 99 

Membership for the Aberdeen meeting 
reached a total of 2,784. The sectional 
meetings as well as the more general 
part of the program were unusually well 
attended, and it was agreed that the 
association had fulfilled the mandate 
laid down at the first meeting in York 
in 1831 to promote and direct the course 
of science, to foster intercourse among 
scientific men and to obtain more gen¬ 
eral attention for the objects of science 
from those not trained in science. The 
objects of the association were carried 
out in part by its extensive program of 
general and sectional excursions—fea¬ 
tures emphasised to a much greater ex¬ 
tent at scientific gatherings abroad than 
in America. 


THE DEDICATION OF THE LILLY RESEARCH LABORATORY 

Pharmacy Week in 1934 will go on dianapolis on October 11. The exercises 
record for at least two notable occur- were attended by over a thousand guests, 
rences, for it marks the week and the almost all of them in some way associ- 
year when the American Institute of ated with research work. The gathering 
Pharmacy was dedicated at Washington, of distinguished visitors took place in a 
D. C., and the formal opening of the mammoth tent erected adjacent to the 
new Lilly Research Laboratories in In- laboratories. 
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Eli Lilly, head of the Lilly organiza¬ 
tion, presided as chairman. Mr. J. K. 
Lilly, now chairman of the board of Eli 
Lilly and Company, responded briefly 
on 44 Research in Manufacturing Phar¬ 
macy. ” Mr. Lilly traced the progress 
of research in manufacturing from the 
time of his entrance into the organiza¬ 
tion with his father, who founded the 
Lilly organization in 1876, up to the 
present. Dr. Irving Langmuir, director 
of research for the General Electric 
Company, was the next speaker. He 
spoke on “The Unpredictable Results of 
Research. ” 

The chairman then introduced Sir 
Frederick Banting, of the University of 
Toronto. Sir Frederick described ‘‘The 
Early History of 10811110.” 

Sir Henry Dale, director of the Na¬ 
tional Institute for Medical Research, 
London, and secretary of the Royal So¬ 
ciety, was the last speaker on the pro¬ 
gram. He chose as his topic “Chemical 
Ideas in Medicine and Biology.” Sir 
Henry spoke of the immediate objectives 
of research in such laboratories as those 
of Eli Lilly and Company, and of their 
natural and proper differences from 
those of the laboratories supported by 
academic or public endowment. It was 


his thought, however, that the differ¬ 
ences in result for the progress of med¬ 
ical science are often more formal than 
real. He expressed the hope that the 
growth of cooperation between those 
working in these different spheres might 
yet bring to many the rather rare privi¬ 
lege that had come to him of migrating 
from one to the other and back again, 
and thus of knowing at first hand the 
best that each can offer. 

According to Sir Henry, the change 
that lias taken place in the scope of 
pharmacy has a revolutionary aspect. 
He cited the fact that not very many 
years ago it was predominately con¬ 
cerned with the traditional drugs that 
had come into use through empirical 
observation. Even though with the 
years had come additions, from time to 
time, the therapeutic outlook and atti¬ 
tude had changed but little for cen¬ 
turies. He pointed out that a begin¬ 
ning had been made by pharmacology 
toward rationalizing the use of those 
drugs in common use which had an 
action sufficiently definite to be suscep¬ 
tible to experimental analysis. The atti¬ 
tude of the physician and that of the in¬ 
vestigator, in the opinion of the speaker, 
was, however, one of skeptical pessimism. 



THE NEW LILLY RESEARCH LABORATORY AT INDIANAPOLIS 
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He did not suggest that palliative 
treatment no longer existed in medical 
practise or that its complete elimination 
was expected or even desirable. He 
cited the fact that alleviation of symp¬ 
toms not only brings the richest reward 
of gratitude, but said that it might be 
the most urgent medical duty. 

Sir Henry referred to the fact that 
he was speaking in the presence of Sir 
Frederick Banting and in the place 
where the large-scale production of in¬ 
sulin had its earliest organization, and 
that he felt he need not remind his audi¬ 
ence of the revolutionary change which 
has taken place in the treatment of a 
disease that only a few short years ago 
was the despair of the physician. 

Looking at the change as a whole one 
might distinguish two main contributory 
factors. 

The first of these, in his opinion, was 
the recognition of infections as due to 
the invasion of the body by living micro¬ 
organisms. He referred to the fact that 
it is a commonplace that preventive 


medicine was born of this discovery and 
that it gave a new direction to the thera¬ 
peutics of infective diseases. He men¬ 
tioned older remedies that owed their 
value to an unconscious application of 
such specific actions, for the control of 
infective organisms which modern re¬ 
search has since identified: cinchona, 
ipecac, mercury and the iodides. He 
contrasted these to the resources of 
modern therapeutics, with its range of 
antitoxins and bacterial products, its 
growing list of synthetic compounds 
discovered as a result of deliberate and 
organized research. 

The second of these factors contribut¬ 
ing to a change in outlook, according to 
Sir Henry, was the recognition of dis¬ 
eases due to the lack of substances nor¬ 
mally present in the body. Modern 
therapeutics, in his opinion, can show no 
triumphs more brilliant than those 
which have followed the discovery of 
methods of preparing a number of glan¬ 
dular products in a state of sufficient 
purity to enable them, by artificial ad- 



A PHARMACOLOGIC TESTING LABORATORY 

WHERE THE STANDARDIZATION OF DIGITALIS, SQUILL, CONVALLARXA AND OTHER DRUGS OF SIMILAR 
NATURE IS DETERMINED. FROGS UNDER TREATMENT ARE PARTIALLY SUBMERGED IN CONSTANT- 
TEMPERATURE WATER BATHS IN SMALL INDIVIDUAL METAL BOXES SHOWN IN THE FOREGROUND. 
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ministration, to correct an abnormal 
deficiency* 

He referred also to progress in the 
field represented by a second class of 
specifically acting substances, necessary 
like the hormones for healthy function 
and growth but obtained by the body 
mainly from food and known as vita¬ 
mins. 

Biochemistry, said Sir Henry, has long 
taken rank among the great divisions of 
science, while organic chemistry is 
showing a welcome tendency to recover 
its original objective, in studying the 
products and processes of Jiving organ¬ 
isms. 

The newer developments have but lit¬ 
tle relation to the art of the individual 
pharmacist whom our fathers knew, said 
the speaker, but we must resign our¬ 
selves as in other spheres of human 
activity to the loss of the individual art 
in exchange for scientifically organized 
production. In fact, he continued, in 
order to meet these novel, various and 
expanding demands of modern thera¬ 
peutics, pharmacy has to become one of 
the most highly organized departments 
of scientific manufacture, covering an 
extraordinary range of expert knowl¬ 
edge and equipment. It now needs 
stables and pasturage, incubation rooms 
for large-scale culture of a wide variety 


SCIENCE AT THE CENTURY OF 

A Century of Progress Exposition 
in 1934, as in the previous year, fulfilled 
its object of explaining the nature of the 
fundamental scientific discoveries of the 
past century and describing how they 
have been applied to the practical uses 
of men. 

The Hall of Science, in which was 
portrayed the story of the contributions 
of science to mankind’s advancement, 
was once more one of the most popular 
buildings in the exposition. 


of bacteria, and sterile rooms for manip¬ 
ulation of the products; chemical plant 
adapted to the difficult synthesis of com¬ 
plex and delicate compounds, or to the 
chemical and physical separation and 
purification of unstable natural prin¬ 
ciples, from animal organs only obtain¬ 
able in adequate quantity and freshness 
by the cooperation of highly organized 
abattoirs. He cited, in addition, a much 
more fundamental requirement, calling 
particular attention to the need for re¬ 
search undertaken in the spirit of free 
inquiry, often with no immediate prac¬ 
tical aim or any probable result other 
than the increase of fundamental knowl¬ 
edge. 

The afternoon program was followed 
by an inspection of the new laboratories, 
the party being divided into small 
groups in the charge of guides. In the 
evening a banquet was tendered to the 
out-of-town guests. Mr. J. K. Lilly 
served as toastmaster and responses were 
made by Sir Henry Dale; Dr. Elliott P. 
Joslin, of Boston; Dr. George R. Minot, 
of Boston; Dr. Frank R. Lillie, of Chi¬ 
cago ; Dr, George II. Whipple, of Roches¬ 
ter, N. Y.; Dr. Carl Voegtlin, of 
Washington, I). C., and Dr. G. H. A. 
Clowes, head of the Lilly Research Labo¬ 
ratories. 

H. S. N. 


PROGRESS EXPOSITION IN 1934 

Again as in 1933 the main principles 
of mathematics, physics, chemistry, biol¬ 
ogy and geology were explained, with 
the purpose of making science a living 
thing to the layman. The progress of 
medical science and its contributions to 
human health and comfort were por¬ 
trayed. 

But important additions and improve¬ 
ments were made to the basic science 
exhibits to dramatize each phase so far 
as possible. Sound and light waves, 
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x-rays, liquid air, chemical processes, 
anatomy, geometric equations, disease 
prevention, physical phenomena, biologi¬ 
cal development and other phases were 
cleared of technical details and thereby 
were made more understandable to the 
lay visitor. 

The exhibits in the Hall of Science 
gave even to the layman an increased 
appreciation of the fact that the differ¬ 
ent physical sciences are definitely inter¬ 
related and interdependent. Here was 
evidence that the basic sciences are deal¬ 
ing with different aspects of the same 
fundamental things. The sciences util¬ 
ize each other’s apparatus and conclu¬ 
sions and arrive by different routes at 
investigations of the same phenomena. 

A perception of the correlation of all 
the sciences was given by eight exhibits 
in the Great Hall f the Hall of Science. 


The Periodic Table of the Elements is 
an illuminated display of the ninety- 
two elements which constitute the earth 
and are the material with which all 
science works. The first periodic table 
of the elements was drawn up by the 
Russian chemist Mendeleeff in 1869. 
To-day all the ninety-two elements are 
known and have been fitted into their 
places in the series, chiefly by deliberate 
search along the lines indicated by the 
gaps in the original table. 

Invisible radiation, the newest field of 
scientific work, is being studied by 
stratosphere balloon flights, which are 
exploring expeditions outside the living 
world. The gondola in which Auguste 
Piccard made the first stratosphere 
ascent in 1932 hangs above a skeleton 
frame like that of the sealed globe in 
which Lieutenant Commander T. G. W. 
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THE HALL OP SCIENCE WITH THE TOWEE AND CABLES OP “SKY BIDE” 

IN THE FOREGROUND 

Settle, U. S. N., and Major Chester L. The age and evolution of the earth 
Pordney, IT. S. M. 0., made their Cen- were shown by the “ Clock of the Ages, ” 
tury of Progress stratosphere ascension a giant dial representing the great eras 
last year tp a record height of 61,237 of geologic time: Azoic, Archeozoic, 
feet. In this framework the apparatus Proterozoic, Paleozoic, Mesozoic and 
they carried for the study of the cosmic Cenozoic. As the revolving hand ticks 
rays is to be seen. These are the most off a second for each 10,000,000 years 
penetrating rays known. Our proteo- forty-two colored pictures are shown, 
tion from them is our 50,000 feet of at- representing the appearance of the earth 
mosphere, equal in protective power to and its inhabitants as the time advances, 
two feet of solid lead. The time is almost run off before mam- 
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mals appear and man is on the scene 
in the last few seconds only. 

A model of a molecule of common salt 
showed the structure of the atom. The 
smaller of the two spherical structures 
represented a positive ion of sodium, the 
larger a negative ion of chlorine. The 
number of white lights represented the 
number of electrons. The emptiness of 
the structure indicated the proportion¬ 
ate area occupied by the nuclei, of 
which, according to modern view, nearly 
all the mass of the atom is composed. 

The gyroscopic compass, lent by the 
United States Navy, shows how this type 
of compass automatically aligns itself 
with the earth’s axis and points true 
north and south, unlike the magnetic 
compass which does not indicate true 
north except in a few regions of the 
earth. 


Conversion of electrical energy into 
mechanical energy is shown by an appa¬ 
ratus illustrating the operation of rotat¬ 
ing magnetic fields. 

The principle of cell growth is illus¬ 
trated by a remarkable giant operating 
model of a basswood tree twig which 
“ grows” from a three-year-old twig to a 
four-year-old twig in a few seconds by 
the multiplication of cells. 

An interesting exhibit shows a sample 
of heavy water and the apparatus used 
to make it. 

Thus around the Great Hall were 
arranged in series the exhibits of the 
basic sciences to show the definite ac¬ 
complishments of science as they stand 
to-day and their application to the in¬ 
dustries that supply the needs of civili¬ 
zation. 

G. A. B. 


DR. BERTHOLD LAUFER: AN APPRECIATION 


Dr. Bkrthold Laufer, distinguished 
Orientalist, died suddenly on September 
13, 1934. Dr. Laufer was born in Co¬ 
logne, Germany, in 1874. After a course 
of general education at Cologne and Ber¬ 
lin he specialized in Oriental languages, 
receiving the Ph.D. at Leipzig in 1897. 
Coming to the United States in 1898, he 
became connected with the American 
Museum of Natural History, New York. 
This institution was then engaging in 
Asiatic researches. Laufer was given 
the leadership of the Jesup North Pa¬ 
cific Expedition to Sagbalin Island and 
the Amur River region of eastern Asia 
for work on the ethnology of native 
tribes. He conducted the Jacob H. 
Schiff expedition to China for culture 
history investigations and collections, the 
material also coming to the American 
Museum. During his stay in New York 
he was lecturer on anthropology and 
East-Asiatic languages at Columbia Uni¬ 
versity in Dr. Franz Boas’s department. 


In 1908 he came to the Field Museum of 
Natural History, Chicago, and headed 
the Blackstone expedition to Tibet and 
China, meeting with success in obtaining 
great quantities of valuable material. 
The Captain Marshall Field expedition 
to China under Laufer’s direction also 
produced notable scientific results. In 
1915 Laufer became curator of anthro¬ 
pology in the Field Museum, a position 
which he held during the remainder of 
his life. 

As a museum man Laufer ranked with 
the first in that science. The abundant 
and carefully collected material brought 
in by the various expeditions he directed 
was displayed in the best traditions of 
modern museum science. Viewing the. 
Field Museum display of Asiatic art and 
technology it seems overwhelming that it 
could be the effort of one man. Laufer’& 
knowledge and practise of museum 
science was displayed in all the branches 
of anthropology. He demonstrated 
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Keystone Vietr Co. 

BERTHOLD LAUFER 


presentation of objects to the best advan¬ 
tage, with accurate labels and with all 
the accompaniments that would promote 
their value in teaching the public. 

To scientific literature Laufer found 
time to make important contributions. 
On account of his thoroughness his 
writings will have a permanent value. 
He produced numerous books and over 
200 monographs on ethnology, art, phi¬ 
lology of Asia, histories of domestic 
animals and cultivated plants. 

Among his general writings may be 
mentioned: “History of the Finger- 
Print System”; 44 The American Plant 
Migration”; “Tobacco and Its Uses in 
Africa’ ’; 4 4 The Prehistory of Aviation 99 ; 
“Geophagy.” Important works on 
special subjects are: “Historical Jot¬ 
tings on Amber”;* “The Diamond” 


(Chicago, 1915); “Notes on Turquoise 
in the East”; “Jade.” Papers on the 
domestication of animals: “The Rein¬ 
deer and Its Domestication”; “The 
Giraffe in History and Art”; “Insect 
Musicians and Cricket Champions of 
China”; “The Domestication of the 
Cormorant in China and Japan.” 
Special monographs on linguistics and 
arts: “Dokumente der Indisehen Kunst 
—Das Citralakshana nach dem Tibet- 
ischen Tanjur”; “Chinese Clay Fig¬ 
ures”; “Prolegomena on the History of 
Defensive Armor”; “Chinese Grave- 
Sculptures of the Han Period”; “The 
Beginnings of Porcelain in China.” 

Dr. Laufer had by training as well as 
by natural ability a marked skill in ac¬ 
quiring languages, of which he had com¬ 
mand of a respectable number. This 
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knowledge of languages stood him in 
good stead in the conduct of his expedi¬ 
tions to distant foreign countries. In 
Tibet, for example, there was required 
the native language as well as skilful 
diplomacy to collect cult objects from a 
hostile priesthood as well as to get them 
out of the country. Fortunately, Laufer 
had these qualifications in a marked 
degree. 

In recognition of his attainments 
many honors were conferred on Dr. 
Laufer. He was collaborator of the 
U. S. Department of Agriculture, mem¬ 
ber of the National Research Council, 
member of the National Academy of 
Sciences, fellow of the Ethnological 
Society and of the American Anthropo¬ 
logical Association, Oriental Society, 
Linguistic Society, Historical Science 
Society, Roya 1 Asiatic Society, Shang¬ 
hai, China; Royal Asiatic Society, Lon¬ 
don; Hakluyt Society; Societe Asiatique 
de Paris; Societe Linguistique de Paris; 
honorary member of the Archaeological 
Society of Finland; corresponding mem¬ 
ber, Finnish Society, Helsingfors; mem¬ 
ber, Society of Asiatic Art, the Hague. 


Much of Dr. Laufer’s energy was de¬ 
voted to editorial work in the depart¬ 
ment of anthropology in the Field 
Museum. He was also editor of the 
Boas anniversary volume. 

As the Asiatic study unveils more and 
more of its vast congeries of subjects for 
investigation, the loss of a man of the 
superior attainments of Laufer seems 
irreparable. What we have left after 
the animating spark is extinct is the 
monument of his brilliant work that will 
remain as a source and a mark for emu¬ 
lation by future scholars. 

In character Laufer was gentle and 
kind, always willing to help in a worthy 
cause. He impressed one as a serious 
scholar. Those who knew him had fre¬ 
quent evidences that he was wise in the 
lore of the ancient world, coming out in 
pithy epigrammatic sayings, sometimes a 
stream of them. His literary style was 
nearly perfect. The leaflets written by 
Laufer for the Field Museum of Natural 
History are among the best in popular 
science literature. 

Walter Hough 
U. 8. National Museum 
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THE ORIGIN, RISE AND DECLINE OF 
HOMO SAPIENS 

By Professor WILLIAM KING GREGORY 

COLUMBIA UNIVERSITY AND AMERICAN MUSEUM OP NATURAL HISTORY 


Historically the origin of man has 
been heavily beclouded by myths. Man 
makes himself the center of almost every 
cosmogOM^^id the gods take sides for 
or againsPliie tribal hero. This was 
true even among the Greeks, to say 
nothing of other primitive Aryans. The 
anthropocentric world of antiquity is 
typified by the Babylonian concept of 
the daily course of thigton, which re¬ 
turned each night to the east after 
traversing the subterranean land of the 
dead. 

After a few flashes of Greek specula¬ 
tion on the origin of living creatures, 
Aristotle taught that men and animals 
have comparable parts and are gener¬ 
ated in the same general way, and that 
man has an animal-like body inhabited 
by a divine soul. This dualism became 
orthodox throughout the Christian era 
and is held by the vast majority of civ¬ 
ilized peoples even to-day. 

The road to the Darwinian view of 
man’s origin ran partly through the 
field of anatomy. The fact that pain 
often appears to be localized doubtless 
led physicians to study the internal 
orgAfcs, but such simple direct motives 
were perhaps conditioned and distorted 
by preconceived theories of the nature 
of disease. Astrology, always an anthro¬ 
pocentric philosophy, was then as now 
the enemy of an objective science of 
anatomy. It was not until many mil¬ 
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lennia of halting accumulations that, 
under the powerful solvent supplied by 
Darwin, the formerly isolated sciences 
of human anatomy, comparative anat¬ 
omy, taxonomy, paleontology, geology 
and astronomy dissolved their own 
boundaries to form the science of an- 
thropogeny, which deals with the origin 
of man. 

Recently scientists have been going 
through another cycle of division, 
specialization and mutual recrimination 
which has greatly emboldened the ene¬ 
mies of Darwinian science and has en¬ 
abled even astrology to w T in back multi¬ 
tudes to its fold. But the reexamination 
of our foundations which has been con¬ 
stantly going on leaves the science of 
anthropogeny, 1 believe, in a much 
stronger position than it was before, 
because it is supported by a vast and 
ever-growing accumulation of objec¬ 
tively established facts. Whatever may 
be the theories of mathematicians re¬ 
garding infinitely large or infinitely 
small spaces and times, paleontologists 
have to do only with the ascertainable 
sequence of events in the one-way stream 
of earth history. These events, in so far 
as they deal with the origin and rise of 
the vertebrates, took place during a 
period of the order of magnitude of five 
hundred million years. 

Man is a sort of living solar engine 
running by means of the potential en- 
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FIG. 2. COMPARISON OF PERMIAN 
AMPHIBIAN ( EXYOP8 ) AND MOD¬ 
ERN CHILD, RUNNING ON ALL FOURS 


crgy that he has stolen from the plants 
and animals. This of course is nothing 
new, but for our present purpose it is 
fundamental. On the physical side man 
is primarily a machine for the trans¬ 
formation of potential into kinetic en¬ 
ergy and on the biological side man is in 
a sense a parasite and a robber, spong¬ 
ing on the plants, killing the animals 
and eating them both. Moreover, as we 
shall presently see, man’s ancestors have 
practically always been robbers, not un¬ 
til recently killers of big game but per¬ 
sistent harriers of creatures smaller than 
themselves. So that there is more than 
a kernel of truth in Bobby Burns’s 
scornful lines: 

My ancient but ignoble blood 
Hath rolled through scoundrels ever since the 
Flood. 

The first business of a robber after he 
has secured his booty is to get away with 
it before some other member of the pro¬ 
fession comes up to demand a share. 
For that reason, among others, verte¬ 
brates are provided with a locomotor 




FIG. 3. THE LOCOMOTOR APPARATUS OF 
A TYPICAL FISH (JB 0CCU8 LINMATU8) 


apparatus, including a backbone and 
pectoral and pelvic limbs. Homo 
sapiens is found in possession of this 
accessory to crime. He conceals it by 
strutting about on his hind legs and 
looking as dignified as possible, but this 
small child (Fig. 2), quite in the man¬ 
ner of small children, is giving away 
family secrets and his actions speak 
louder than words; for in running on 
all fours he reverts, so to speak, to the 
quadrupedal habit. 



FIG. 4. ROME OF OUR EARLIEST 
KNOWN KINSFOLK 

Uppee Silurian and Devonian Ostracodermb. 
A. Pterolepis (after Kiaer). B. Tremataspis 
(after Rohon). O. Tremataspik (after Pat¬ 
ten). D. Pterattpis (after Powrie and Lan- 
kester). E. Cephalaxpis (composite, mainly 
after Patten). 

The locomotor system of Homo 
sapiens, like that of other vertebrates, 
is distressingly complicated in its de¬ 
tails, but what may be called its basic 
and chief subsequent patents are of a 
masterly directness and simplicity. A 
fish moves through the water, as we 
know, by bending its elastic body first 
to one side, then to the other, so that it 
waves like a flag. It is enabled to do this 
because of its serially arranged, contrac¬ 
tile myomeres or W-shaped muscle 
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flakes, which in contracting pull on the 
septa between them. Each myomere 
may be said to be the larger locomotor 
unit of the vertebrate body, and from 
these simple, serially arranged units the 
more complex axial and appendicular 
musculatures of the higher vertebrates 
have been derived. The smaller units 
of the locomotor apparatus are the sin¬ 
gle muscle cells, which have the basic 
property of contracting when stimulated 
by their nerve fibrils, thereby perform¬ 
ing mechanical work. Exactly how they 
do this lies beyond my field, but the 
point is that in contracting the muscle 
cells use up some of the energy stored 
in the body and thus contribute to the 
endless round of getting, storing and 
spending energy which makes up the 
game of life. 

In Fig. 1 our friend Romo sapiens is 
seen in the daily line-up, divested of his 
god-like exterior and forced to assume 
the suppliant posture of his humbler 
brethren. He is instantly distinguish¬ 
able from them, however, by his swollen 
head. The five-aml-ten system of pre¬ 
hensile organs, which is one of his most 
useful possessions, he has inherited from 
a long line of nefarious ancestors, and 
no other animal has been more success¬ 
ful in beating Mother Nature at her own 
game. 

The earliest known forms of the ver¬ 
tebrates, namely, the ostraeoderms of 
Silurian and Devonian times, were al¬ 


ready in full possession of the basic 
vertebrate patents and were in these 
respects nearer to man than they were to 
their unknown invertebrate ancestors. 
However, they had not yet attained jaws 
of the shark type and probably fed on 
very small animals or organic particles. 

From ostracoderm to man the gap is 
mediated by a procession of fossil and 
recent forms. Although none of these 
forms may lie in the direct line of ascent 
to man, they are the residue after the 
elimination of thousands of other verte¬ 
brates which were specialized in other 
directions; and all the forms of this 
residual line retained the five digits on 
each hand and foot which we must ex¬ 
pect to find in all the ancestors of man 
down to the lobe-finned fishes that 
started the very useful business of hav¬ 
ing hands and feet, if space permitted 
I could review the evidence that hands 
and feet have been derived from paired 
fan-like paddles, and the latter in turn 
from keels and rudders formed from 
projections of the flattened lower sur¬ 
face of the body, which was roundly 
triangular in cross-section. In any case, 
when paired paddles had once been ac¬ 
quired they were, in the lines of the lobe- 
finned, air-breathing fishes, soon turned 
to a new use as limbs. These amphibi¬ 
ous creatures then began that conquest 
of the dry land which was one of the 
great events in the history of man’s fore¬ 
fathers. 
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At first the early four-footed ances¬ 
tors of man had to deposit their eggs in 
the water, but eventually they learned, 
so to speak, to enclose the eggs in a shell 
and later to eliminate the shell and 
nourish the young within the body of 
the mother. By this time they had at¬ 
tained the grade of mammals and were 
able to run instead of crawl. About the 
time of the later dinosaurs the mammals 
began to climb up into the trees and the 
common opossum is a “living fossil’’ 
from this earliest tree-living stage of 


existence. But early in the Tertiary 
Period, or Age of Mammals, a certain 
branch of the mammals acquired a new 
mastery of the technique of . rapid loco¬ 
motion in the trees and we have the old¬ 
est known fossil Primates of the Eocene 
epoch. Going on to still more daring 
ways, certain primitive anthropoid apes 
learned the trick of brachiating, or 
swinging by the arms and leaping 
through the air. The modern gibbon is 
probably a somewhat over-specialized 
virtuoso in this art, but our own ances- 


FIG. 5. STRUCTURAL SERIES OF SKELETONS FROM FISH TO MAN 
I. Devonian lobe-fin (Eurthcnopteron). 

II. Carboniferous amphibian (Eogyrinm ). 

III. Primitive Permo-Carboniferous reptile (Seymouria ). JT < 

IV. Progressive Triassic pro-mammal ( Cynognathus ). 

V. Primitive mammal (Opossum). 

VI. Primitive lemuroid Eocene primate 
( Notharctus ). 

VIJ. Proto-anthropoid (Gibbon). 

VIII. Typical anthropoid (Chimpanzee). 

IX. Man. 
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PIG. 6. SKELETON OF GIBBON FBOM 
THE EAST INDIES 

The ape that solved the problem or walk¬ 
ing UPRIGHT. 

tors must have learned at least the rudi¬ 
ments of it. 

For reasons that can only be conjec¬ 
tured, some of the anthropoid apes then 
began to spend more and more time 


upon the ground. Finally some of their 
descendants found themselves out on the 
plains, with possibly the habit of rearing 
up to look over the grass tops. In any 
case, there is the most abundant and 
convincing anatomical evidence that 
man, who for perhaps a million years or 
more has walked erect, traces his ances¬ 
try back to arboreal apes with grasping 
feet. The important thing to note now, 
however, is that this momentous trans¬ 
formation involved the lengthening of 



FIG. 7. PROGRESSIVE STRUCTURAL 
STAGES IN THE FINS OF PALEO¬ 
ZOIC SHARKS 

After Dean. 

A. Ventral fins of Devonian shark ( Clado - 
nelache ), showing separate rod-like supports 
of “fin-fold" fin. B. Pectoral fin of 
Cladogelache, showing pectoral girdle and 
basal pieces presumably derived from fusion 
of separate rods. C. Pectoral fin of Per¬ 
mian Plenracanthus, showing fully devel¬ 
oped PADDLE-LIKE FIN WITH JOINTED AXIS. 
D. Pectoral fin of Cladotelache , partly cov¬ 
ered by preserved myomeres. E. Restora¬ 
tion of generalized acanthodian by Dean. 

the hind limbs in man and many other 
changes in the relative proportions of 
his thumb, great toe, hip bone, etc. 

The history from fish to man is epito¬ 
mized in a series of paintings by F. L. 
Jaques (Fig. 8) brought together under 
the heading, “Students in Nature’s 
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FIGK 8. STUDENTS IN NATURE'S TRAINING SCHOOL . 

A SERIES OF PAINTINGS BY F. L. J AQUE8, ILLUSTRATING THE PRINCIPAL STAGES, FROM FISH TO 
MAN, IN THE EVOLUTION OF THE LOCOMOTOR APPARATUS AND THE DEVELOPMENT OF THE UPRIGHT 

POSTURE. 
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Training School.” Without at all sub¬ 
scribing to the Lamarckian doctrine, we 
may recognize the fact that one kind of 
environment after another was mastered 
on the long road upward and that man 
has inherited both in his anatomical 
make-up and in the simpler patterns of 
his nervous reactions some of the ipore 
fundamental adjustments learned in 
earlier environments. For example, his 
semi-circular canals have served him 



fig. 9. haeokel’s chart illus¬ 
trating THE PEDIGREE OF MAN 


from the fish stage onward with rela¬ 
tively little change, while the paired 
paddles have been made over into 
jointed stilts*. 

So much for the general outline of 
evolution from fish to man. 

The question of the origin of man has 


always been closely tied up with the 
question, 44 Which are man’s nearest liv¬ 
ing relatives?” The earlier anthro- 
pogenists, including Darwin, Haeckel 
and Huxley, did not hesitate to accept 
the existing anthropoid apes as being the 
specialized descendants of the common 
ancestors of apes and man. That this 
conclusion was correct has been con¬ 
firmed by thousands of special investiga¬ 
tions in many fields. In Haeckel’s chart 
(Fig. 9) man is for convenience placed 
at the center of the tip of the tree, 
although Haeckel was anything but 
anthropocentric in his teachings. In a 
wall painting (Fig. 10) which we re¬ 
cently installed in the American Mu¬ 
seum of Natural History mankind is 
shown as a curious side-shoot from the 
anthropoid stock* distinguished by a 
marked change in his locomotor habitus. 
His nearest living relatives are there 
pictured as the chimpanzee and the 
gorilla. 

The general position of man in geo¬ 
logic time is indicated in the chart 
shown in Fig. 11, which is based on the 
researches of many vertebrate paleon¬ 
tologists. Here we see that long before 
the close of the Paleozoic era, some two 
hundred million years ago, the reptilian 
stock had already given off a great side 
branch, the mammal-like reptiles, one 
group of which eventually gave origin 
to the mammals. The monotremes, the 
multituberculates and the marsupials 
are earlier branches. The placentals are 
not known until Upper Cretaceous 
times, near the close of the so-called Age 
of Keptiles. By Lower Eocene time the 
placental mammals were already repre¬ 
sented by known ancestors of horses, 
cattle, carnivores, insectivores, etc., as 
well as by a host of wholly extinct forms. 
The earliest primates—primitive lemu- 
roid and tarsioid forms—also date from 
the Lower Eocene; monkeys and apes 
date from the Oligocene. Man, however, 
is not represented by admitted flint arti¬ 
facts until late in the Pliocene. Thus so 
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FIG. 10. MAN AMONG THE PRIMATES 

(WALL FAINTINfl IN THE AMERICAN MCBET’M OP NATURAL HISTORY). 
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far as the record goes it affords no sup¬ 
port for those who postulate the sepa¬ 
rateness of man in early Tertiary times. 

The more exact time when tlie parting 
of the ways between the nascent Homin- 
idae and their simian relatives took 
place is still in dispute. Some, like Pro¬ 
fessor Osborn, believe in the separate¬ 
ness of mankind in early Tertiary times, 
possibly even in the Lower Eocene. At 
the other extreme we have Professor 
Weinert of Germany and Dr. Broom, the 
eminent paleontologist of South Africa, 
who date the separation not earlier than 
in the late Pliocene epoch. I have main¬ 


tained that the date of the separation of 
the two families is far less certain than 
the fact that the separation once took 
place. The existence of a wide range of 
fossil anthropoid apes from Prance to 
India during late Tertiary times and the 
fact that some of them are difficult to 
distinguish in tooth and jaw structure 
from certain human types, suggest that 
the separation may already have been 
under way in late Miocene times, per¬ 
haps ten million years ago. 

The human foot has afforded great 
comfort to those who want to separate 
man as widely as possible from the an- 
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thropoid apes, for it is obvious that the In spite of its obvious differences the 
ape foot is a grasping, tree-climbing human foot shares with the anthropoid 
type, with a sharply off-set great toe, foot a fundamental dichotomy, since the 
whereas the human foot is adapted for great toe, although tied in with the other 
bipedal erect progression and the great toes, yet contrasts widely with them in 
toe is nearly parallel with the remaining size and strength. To make a long story 
toes. There is, however, a great deal of short, it can only be said that in beauti- 
anatomic evidence for the view that the ful dissections of the feet of various 
human foot has been derived from an anthropoids and man my colleague, Mr. 
ape-like type chiefly by the drawing to- liaven, has supplied the most cogent 
gether of the great toe and the other evidence that the human foot shares 
toes, which have at the same time be- with that of the anthropoid ape a strik- 
come bound together by connective tis- ing unity of plan joined with modifica- 
sue. This tissue has eventually formed tions in proportions and in details 
the deep transverse metatarsal ligament appropriate to its newer method of loco- 
that ties the great toe to the others. motion. 



FIG. 12 . SKELETON OF FOOT OF GORILLA AND OF MAN (VOLAR ASPECT) 
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FlO. 13. LONGITUDINAL SECTION OF THE SKULL 
in man (B) (afti h Cunningham) and chim¬ 
panzee (A). 


The skeleton of the human hand is 
built upon the same plan as that of the 
chimpanzee, save that in man the thumb 
is larger and the hand as a whole wider. 
The gorilla hand shows the effect of 
giantism in widening. To me the evi¬ 
dence suggests that in man the thumb 
has become markedly enlarged and the 
hand as a whole shortened and widened. 
In any case it is a fact that in the an- 



FIG. 14. UPPER AND LOWER TEETH 
OF AUSTRALOPITHECUS 
Natural size. Drawings based on casts and 

PHOTOGRAPHS, THE LATTER KINDLY SUPPLIED BY 

the describee of Australopithecus, Professor 
Raymond A. Dart. The hindermost teeth 

ARE PERMANENT MOLARS; THE OTHERS ARE DE¬ 
CIDUOUS TEETH. 


thropoid apes the anterior extremities 
are true hands rather than fore feet, so 
that in this respect, as in so many 
others, the anthropoids anticipate man. 

A comparison of half-sections of the 
skull, along the sagittal plane, of chim¬ 
panzee and of man brings out first the 
agreement in fundamental plan and 
secondly the expansion of the braincase, 
the shortening of the upper jaw and 






FIG. 15. SKELETON OF THE FOOT, 
NOTHARCTUS TO MAN 

vertical expansion of the nasal cavity in 
man. What more favorable starting- 
point for the human cranium than the 
chimpanzee skull could be asked for? 

The same story is told by a compari¬ 
son of the brain, as shown in the figures 
in Professor Tilney’s work on “The 
Brain from Ape to Man.” The human 
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FIG. 1G. SKELETON OF HAND OF MAN, GORILLA, CHIMPANZEE (PALMAR 

ASPECT) 


brain is evidently much larger and has 
a more complexly folded surface than 
the gorilla brain. The identity in plan 
of these two brains is even more clearly 
shown in the basal aspect of the gorilla 
and human brains. It would be difficult 
to find a more striking example of agree¬ 
ment in fundamental pattern accom¬ 
panied by uneven expansion of certain 
areas in the more advanced type. The 
same principle is illustrated in cross- 
sections of the cerebellum of gorilla and 
man, from Tilney (Pig. 17). Even the 
nucleus dentatus is strikingly similar in 
the two forms. Prom a taxonomic view¬ 
point such numerous and striking iden¬ 
tities in basic patterns can only mean 
relatively close relationships between the 
forms compared. 


If space permitted 1 could cite liter¬ 
ally hundreds of such agreements be¬ 
tween man and one or another of the 
anthropoids exhibited throughout the 
skeleton and soft anatomy or in various 
physiological reactions. This close rela¬ 
tionship is especially marked in the fos¬ 
sil Australopithecus from South Africa, 
described in 1925 by Professor Raymond 
Dart and more recently by the eminent 
paleontologist, Dr. Robert Broom. A 
careful study of the details of the decid¬ 
uous and permanent teeth by my col¬ 
league, Dr. Milo Heilman, and myself 
convinced us that Australopithecus in 
many features of its dentition comes 
nearer to man than does any other 
known fossil ape, and that, taken in con¬ 
junction with the anatomical evidence 
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from recent forms, it tends to support 
the view that the separation between the 
Hominidae and the Simiidae took place 
at a relatively late geological epoch. 
Australopithecus tends also to support 
the view of the late Professor Bolk of 
Amsterdam, which was that in some 
respects modern man is a sort of infanti- 
lized anthropoid with small jaws and 
still more swollen brain and brainease. 

This leads us at once to the predomi¬ 
nant role of the brain in human evolu¬ 
tion. If we consider the structure and 
behavior of such a relatively primitive 
organism as Peripatus, we shall note 
that it moves toward its food, in order, 
as we say, to seize and eat the food. But 


please notice that this action appears 
from our point of view to be directed 
toward future results, which are the 
digestion and assimilation of the food 
and the storage of energy for the run¬ 
ning of the vital machinery. While 
practically all vital reactions have this 
sort of reference to events in the future, 
we may also say that a nervous system 
is of special service in accelerating such 
adjustments to future situations. In 
other words, from this point of view a 
nervous system is on the whole a pecu¬ 
liarly anticipatory or forward-looking 
system, which prepares for events before 
they happen. The reason, of course, 
why actions can be successfully adjusted 



FIG. 17. CROSS-SECTION OF CEREBELLUM OF GORILLA AND MAN 

Arm Tilwey. ' 
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FIG. 18. A VSTRALOPITUECVS AFRICAN VS 
ArTKR Dart. 


to future events is that in a world of 
day and night and regular seasons 
future events in the long run are apt to 
average about the same as past events, 
so that by at first adjusting themselves 
to what has happened, creatures with 
nervous systems learn to pick out the 
signals of events that are about to hap* 
pen, and finally by natural selection, or 
what you will, they come into the world 
wound up to adjust themselves to certain 
ranges of stimuli. 

Paleokinesis, the more direct response 
to sensory stimuli, is illustrated in the 
central nervous system of the shark, 
while neokinesis, the highly indirect and 


complicated response to sensory stimuli, 
is illustrated in the functional relations 
between the neopallium and the older 
parts of the brain in man. I merely 
wish to emphasize the idea that with the 
invention of verbal signals the original 
simple anticipatory response of the 
primitive vertebrate became compli¬ 
cated to such a degree that it shifted the 
evolution of man into wholly new and 
astonishing patterns. Gone was the age 
of innocence and simple homely plea¬ 
sures; selfishness and above all, self¬ 
esteem, were magnified and distorted 
into folly and wickedness. Conditioned 
responses built up into traditions often 
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became elaborated into fictitious or con¬ 
ventionalized taboos and other systems 
of values that have left in them little of 
the natural relations. The Central 
Australian native, decked for some cere¬ 
mony deeply significant to him, pays 
but little attention to the discomfort of 
being thickly covered by masses of 
white clay and vegetation. He prob¬ 
ably believes he is a rain god or some¬ 
thing of the sort and experiences a 
grand uplift of “face.” 

Hence it comes about, through the 
power of the written and spoken word, 
that for sheer mass stupidities the like 
of Homo sapiens has never before been 
seen in an astonished world of reason¬ 
ably straightforward and honest ani¬ 
mals. The only redeeming feature is 
that often one mass stupidity cancels 
another, or at least? holds it in check. 

In spite of all these signs of gradual 
decline I would not argue that Homo 
sapiens , like Hogarth’s flirtatious maid, 
is tottering to his fall. He may eventu¬ 
ally lose his third molars, while his lat¬ 
eral incisors and the terminal joint of 
his little toe may disappear; he may have 
adenoids, contracted palate and bad 


teeth. On the other hand, his brain may 
become even more swollen (but only if 
Caesarian operations become common). 
On the whole, however, as Professor 
Tilney has noted, it is far more impor¬ 
tant for him to make better use of the 
cauliflower-like organ that he already 
has. 

With all his afflictions and stupidities 
Homo sapiens is distributed nearly all 
over the map, and experience shows that 
no other animal is so difficult to exter¬ 
minate permanently. The Chinese for 
ages have been afflicted with floods, war, 
famine, pestilence and the native phar¬ 
macopeia, but for all that there are still 
enough Chinese to worry the Japanese. 

In short, I have never seen any suffi¬ 
cient reason for assessing Homo sapiens , 
or Homo of some new species, as a bad 
insurance risk for a few million years 
more, which is but a short period in the 
history of a genus. Not all the human 
race will succeed in slaying eacli other 
with gas or germs and there will still be 
relatively honest and unsophisticated 
folk in Asia or Africa whose descendants 
will move in and possess the land in 
their turn, 





ARTHROPODS AND THEIR RELATIONSHIP TO 
DISEASES OF DOMESTIC ANIMALS 
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Pathogenic bacteria have held the 
stage of public attention for so many 
years that they have, to a considerable 
extent, overshadowed the importance of 
other organisms responsible for sickness 
and death. This is particularly true of 
the biological relationship between in¬ 
sects and insect-borne diseases of man 
and domestic animals. 

Of the various diseases to which do¬ 
mestic animals are susceptible, a sur¬ 
prisingly large number are transmitted 
by insects or other arthropods, either 
mechanically, as by carrying infective 
material on their biting mouth-parts, or 
by the fact that they act as intermediate 
hosts for the complete development and 
continuity of certain disease-producing 
organisms. 

It is interesting to note that a num¬ 
ber of diseases of animals can be trans¬ 
mitted only through the instrumentality 
of specific arthropod hosts. For in¬ 
stance, there are many species of ticks 
infesting wild and domestic animals, yet 
there is only one species—at least on this 
continent—that is capable of transmit¬ 
ting the disease of cattle commonly 
known as “Texas fever.” 

If it were not for certain insects 
known to be carriers of infection, a num¬ 
ber of diseases of domestic animals could 
not and would not exist. This knowl- 
edge is of great importance and prac¬ 
tical value, 'because it enables the veter¬ 
inarian, live-stock sanitation and otmer 
1» control, and in many oases to eradi¬ 
cate a number of diseases of animals, by 
attacking or destroying arthropods re¬ 
sponsible for their transmission. 


The species of arthropods responsible 
for the transmission or Spread of animal 
diseases is quite large—too large in fact 
to discuss in detail in an article Bnch as 
this, a general review of species that are 
of particular interest to persons who are 
directly or indirectly connected with or 
interested in the live-stock industry in 
one or more of its various branches. 
What may be facetiously termed “the 
rogue’s gallery of insects” is herein pre¬ 
sented with some semblance of zoological 
order. 

Crustaceans 

Crustaceans are not a very important 
group of arthropods so far as the trans¬ 
mission of animal diseases is concerned. 
However, they can not be entirely ig¬ 
nored, because some species serve as 
intermediate hosts for a few helminth 
parasites of animals. For instance, cer¬ 
tain species of crabs and cyclops ( Cope- 
poda ) are intermediate hosts of various 
species of tapeworms that infest ducks, 
geese and other aquatic birds. Cyclops 
are also indirectly responsible for the 
transmission of a species of tropical 
roundworm called “the Guinea or Med¬ 
ina worm” ( Dracunculus medinensis), 
which invades the subcutaneous tissues 
of hogs, horses, cattle, sheep, goats and 
man. The infestation of animals is 
brought about by drinking water con¬ 
taining cyclops, the bodies of which con¬ 
tain embryo worms. Guinea worms are 
of far more medical importance to man 
than to the lower animals. 

Another crustacean, known in the 
United States as “the sow bug” and in 
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England as “the wood louse / 1 has been 
found to be the intermediate host of the 
spiral stomach worm of chickens {Bis- 
pharynx spiralis). This worm, found 
in the tissues of the glandular stomach 
of chickens, turkeys and pigeons, does a 
considerable amount of damage. In 
game birds, two sow bugs, namely, Por- 
cillio scaber and Armidillium vulgare, 
serve as intermediate hosts for the spiral 
stomach worm—the same species that in¬ 
fests chickens. 

Insects 

Insects, as would naturally be ex¬ 
pected because of their relatively large 
numbers, form the major portion of the 
arthropods affecting domestic animals. 
Six orders of insects are included in 
this category, namely: Odonata (dragon¬ 
flies) ; Malophaga (biting lice); Orthop- 
tera (roaches, etc.) ; Diptera (flies) ; 
Siphonaptera (fleas); and Coleoptera 
(beetles). 

Odonata (dragon-flies) : Dragon-flies, 
snake doctors, devil’s darning needles, 
etc., are a few of the “charming” names 
given to this order of useful insects. 
They are of little importance as disease 
vectors, although Kotland and Chandler 
have reported that dragon-flies were in¬ 
termediate hosts of a newly discovered 
species of fluke ( Prosthogonimus sp.), 
which inhabit the oviducts of poultry. 
These investigators found encysted lar¬ 
vae of this fluke in adult dragon-flies 
and in their nymphs. Experimental 
proof that dragon-flies are capable of 
transmitting flukes was demonstrated 
by feeding birds infested dragon-fly 
nymphs, after which adult flukes were 
found in the oviducts of these birds. 

Malophaga (biting lice): Many peo¬ 
ple who own pets (and possibly many 
who do not) are familiar with the dis¬ 
comfort produced by biting lice. The 
ill effects resulting from lice in domestic 
animals are not entirely due to irrita¬ 


tion; there are several species that are 
of considerable importance as carriers 
of certain animal diseases. For in¬ 
stance, the rabbit louse ( Haemodipsus 
ventricosus) , is known to transmit tula¬ 
remia to both man and lower animals. 
There is also evidence that the short¬ 
nosed louse of cattle ( Haematopinus 
enrysiernus) is capable of transmitting 
anaplasmosis—a disease of cattle caused 
by a protozoan parasite which invades 
the red blood cells. At least Stiles was 
able to produce the disease experimen¬ 
tally in a young guinea-pig by injecting 
it with macerated bodies of lice taken 
off cattle suffering from anaplasmosis. 
Other arthropods, chiefly ticks, are 
thought to be principally responsible for 
the transmission of this disease. 

One of the two species of lice that are 
commonly found on dogs, namely, the 
biting louse ( Trichodectes latus) f is of 
particular interest because it is one of 
the intermediate hosts of the double- 
pored tapeworm of dogs ( Dipylidium 
caninum ), which inhabits the small intes¬ 
tine, and also because it was the first 
arthropod recognized to be the inter¬ 
mediate host of a parasitic worm. Lice 
become infested with larvae of this dog 
tapeworm by swallowing them while 
feeding on the contaminated skin of 
dogs. Dogs in turn become infested by 
swallowing lice containing encysted em¬ 
bryo tapeworms or larvae, usually at the 
time they are biting themselves to allay 
irritation. 

It might be of interest to state that the 
double-pored tapeworm of dogs occa¬ 
sionally develops in man, particularly in 
children, who become infested by acci¬ 
dentally swallowing infested lice, which 
presumably get into their mouths while 
fondling dogs, or possibly by placing 
their fingers in their mouths; or the 
infestation may be conveyed by food or 
water. It can then be seen that while 
“Junior and Towser” may represent an 
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ideal bond of friendship, this may not 
always be to Junior’s advantage. How¬ 
ever, infestation by this dog tapeworm is 
so rare in man as to be of little concern, 
although it is always advisable to be on 
the watch. Aside from the slight risk of 
transmission to some member of the fam¬ 
ily, treatment should be given for the 
elimination of tapeworm*? in dogs when¬ 
ever they are found to be infested. 

Besides the biting louse, the flea is an 
intermediate host of the double-pored 
tapeworm of dogs. This will be dis¬ 
cussed later. 

Orthoptera (grasshoppers, cockroaches, 
etc.) : One would hardly suspect grass¬ 
hoppers of having any connection with 
the transmission of disease. However, 
not only grasshoppers, but cockroaches 
serve as intermediate hosts for at least 
six species of parasitic roundworms of 
domestic fowl and game birds. Two 
species of grasshoppers, Melanoplus 
femurrubrum and M. differentialis (and 
probably a number of others), serve as 
intermediate hosts for Tetrameres ameri - 
cana , a roundworm inhabiting the glan¬ 
dular stomach or proventriculus of 
chickens; also for the spiral stomach 
worm ( Cheilospirura hamulosa) of 
chickens, and (C. spinosa) of gallinace¬ 
ous birds. Cockroaches also play the 
r 61 e of intermediate hosts for at least 
three species of roundworms of poultry 
and game birds. 

The tropical cockroach ( Pycnoscelus 
surinamensis) , which ranges (under 
natural conditions) as far north as the 
Carolinas, serves as intermediate host 
for a curious worm called “Manson’s 
eye worm” ( Oxyspirura mansoni ), 
which is found under the nictitating 
membrane of the eyes of chickens. So 
far this worm is chiefly confined to the 
states of Florida and Louisiana, but with 
the help of accommodating cockroaches 
and modern transportation facilities it 


may have an opportunity to travel 
farther afield. 

The European cockroach ( Blatta ger- 
manica) has recently been found to be 
the intermediate host for a parasitic 
roundworm, technically known as Seuro - 
cymea colini, which invades the wall of 
the glandular stomach or proventriculus 
of game birds. According to Dr. Eloise 
B. Cram, this worm has not been re¬ 
ported from any other country than the 
United States. 

Diptera (true flies) : Flies are un¬ 
doubtedly one of the worst pests that 
wild and domestic animals have to con¬ 
tend with. Not only do flies cause con¬ 
tinuous torment to animals during the 
warmer months, but they are also re¬ 
sponsible for the transmission of a num¬ 
ber of specific animal diseases, while the 
larvae of a number of species produce 
extensive and often fatal wounds by 
feeding on skin, flesh and other tissue. 

Several species of flics are of consider¬ 
able economic importance as intermedi¬ 
ate hosts for parasitic worms; for in¬ 
stance, two or more species of poultry 
tapeworms ( Choanotaenia infundibulum 
and Davainea cesticellus ) are transmit¬ 
ted by the common house-fly. In horses, 
three species of stomach worms, Habro- 
nema muscae, II. megastoma and H. 
microstoma , are transmitted by flies. 
The first two pass their larval stage in 
the grubs or larvae of house-flies, while 
the latter is transmitted directly by the 
stable-fly ( Stomoxys calcitrans). 

Flies belonging to the order Muscidae 
are represented by a number of very 
harmful species. None, however, are of 
more historical, economic or medicinal 
importance than the well-known tsetse 
flies which are responsible for the trans¬ 
mission of African sleeping sickness—a 
disease which renders vast areas of Cen¬ 
tral and West Africa uninhabitable. 
The African type of sleeping sickness 
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(which should not be confused with the 
so-called sleeping sickness or encephali¬ 
tis of temperate climates) is caused by 
an elongated microscopic animal para¬ 
site (trypanosome), which invades the 
blood stream. 

This parasite is principally transmit¬ 
ted, at least in Africa, by various species 
of tsetse flies on which it depends for the 
•completion of its life cycle and its trans¬ 
mission to other susceptible victims. 
Both trypanosomes and tsetse flies are 
of particular interest in medical history 
because the cause of African sleeping 
sickness was not clearly understood until 
Sir David Bruce, in 1896, discovered 
that nagana, 1 an African disease of 
horses, mules, cattle and other domestic 
animals, similar to the human type of 
infection, was caused by a trypanosome 
parasite in the 1 lood. This parasite was 
later named in his honor as Trypano¬ 
soma brucei. By patient observation Sir 
David also discovered that nagana was 
spread by the tsetse fly (Olossina morsi- 
tans) from sick to healthy animals. 
Armed with this knowledge the cause 
of the human type of trypanosomiasis 
was a matter of comparatively easy solu¬ 
tion. 

There are several types of trypano¬ 
somiasis in both man and animals, all 
of which are transmitted by tsetse flies. 
However, as the general characteristics 
,and method of spread of the various 
types of trypanosome infection are more 
or less alike, there seems little need to 
go into further detail. 

Trypanosome infections of animals are 
not always transmitted by tsetse flies. 
In India and the Orient, a disease called 
“ surra/ ’ affecting horses, mules, camels, 
elephants and other wild and domestic 
animals, is transmitted by several spe¬ 
cies of horse-flies or tabanids. Murrina 

1 According to Sir David Bruce, * * nagana * * 
is a Zulu word which refers to the state of 
depression and weakness characteristic of the 
disease. 


of mules in Central America and mal de 
caderas (disease of the hindquarters) in 
South America are both caused by try¬ 
panosomes and are transmitted from one 
animal to another by horse-flies and 
other blood-sucking diptera. One genus 
of horse-flies, namely, Chrysops (deer- 
flies), is responsible (together with sev¬ 
eral other species of arthropods) for the 
transmission of tularemia. Wild rab¬ 
bits are thought to be the principal 
reservoir of infection, and wood-ticks 
are the principal carriers. 

Aside from the transmission of infec¬ 
tious diseases by diptera, several species 
of muscid flies are of tremendous eco¬ 
nomic importance because they do con¬ 
siderable damage in their larval stage. 

Those who have lived in rural sections 
of the southeastern United States are 
probably familiar with the grubs or 
larvae of the screw-worm fly ( Chryso- 
myia macellaria ), which inflicts such 
terrible wounds on various species of 
live stock. The female screw-worm fly 
lays her eggs on or near cuts or abra¬ 
sions on the body. It only requires a 
few days for these eggs to hatch into 
grubs, which immediately commence to 
burrow into sound tissue. The discharge 
of bloody serum from the infected parts 
enables the owner or his assistants to 
easily detect the presence of scrCw- 
worms. 

There are a number of other muscid 
flies, known collectively as “blowflies,” 
which are of considerable economic im¬ 
portance to live-stock owners, particu¬ 
larly to sheep-raisers, because they lay 
their eggs on soiled wool, chiefly around 
the vent or hindquarters. The larvae 
of these flies live on the soiled wool and 
in the flesh, causing the fleece to become 
of little commercial value. In addition 
to this, the loss of time and expense in 
picking out and treating infested sheep 
adds considerably to the cost of pro¬ 
duction. 



ARTHROPODS AND DOMESTIC ANIMALS 


501 


Two other muscid flies, known as ox 
warbles and gadflies ( Hypoderma line - 
ata and H. bovis), cause an annual loss 
of approximately fifty million dollars in 
the United States, according to an esti¬ 
mate made by the U. S. Department of 
Agriculture. The principal damage re¬ 
sults from holes made through the hide 
of the animal by the larvae in working 
their way out. The life cycle of warble 
flies is rather complicated, but very in¬ 
teresting. Briefly, the eggs are gen¬ 
erally laid on hairs on or near the heels 
of cattle. The grubs soon hatch, after 
which they penetrate the skin and work 
upwards through the tissues of the body 
until they finally reach the back. Here 
swellings are produced, through the top 
of which the larva cuts a hole and finally 
emerges and falls to the ground, to 
change to pupa or chrysalis, emerging 
as an adult fly the following summer. 

The holes in the skin naturally cause 
the hides to be of little value for the 
manufacture of leather, but this is not 
the only source of loss; the female flies 
in depositing their eggs frighten the cat¬ 
tle so much that many are injured dur¬ 
ing stampedes, running into trees or 
other objects, breaking their legs, falling 
off cliffs, etc. 

The northern gadfly ( Hypoderma 
bovis), while not so common or so wide¬ 
spread in range as H. lineola, neverthe¬ 
less causes a greater degree of excite¬ 
ment in cattle while attempting to 
deposit eggs on hairs on the heels of its 
bovine victim. This, no doubt, is due to 
the fact that its attack is more vicious 
and the noise of its rapidly moving 
wings is of a higher pitch. 

In Alaska ,and other parts of the north¬ 
ern hemisphere, reindeer are attacked by 
another gadfly ( Oedemagena tarandt), 
the larvae of which emerge through holes 
in the skin of the back, like the larvae of 
the gadflies of cattle. Apparently the 
reindeer fly was introduced into Alaska 


by the importation of reindeer from 
northern Europe. 

In Russia, a gadfly ( Rhinoestrus 
nasalis) parasitizes the nasopharyngeal 
region of horses. It may also attack 
man. When this occurs it is said to de¬ 
posit its eggs almost instantaneously in 
the eyes. The larvae cause intense pain 
and conjunctivitis, and if not removed 
before too much tissue damage has re¬ 
sulted, permanent blindness may follow. 

In tropical America we also have an¬ 
other curious and enterprising repre¬ 
sentative of the gadfly family in Derma - 
tobia hominis. The female of this 
species, instead of laying eggs in the 
usual orthodox manner, catches mosqui¬ 
toes and bloodsucking flies and attaches 
eggs to the sides of their bodies. As soon 
as the victimized insects alight on cattle 
to feed on their blood, the eggs, stimu¬ 
lated by the warmth of the animars 
body, hatch almost immediately, and the 
young grubs transfer themselves from 
their temporary insect host to the skin 
of their final host, through which they 
burrow. Lumps or tumors are produced 
by the larvae on the animal's back, 
through the top of which holes are cut 
similar to those produced by the larvae 
of the cattle gadfly. The remainder of 
their life cycle is about the same as that 
of other species of gadflies. 

Another example of harmful fly 
larvae is to be found in the bot-flies 
(Gastrophilus) . The larvae of bot-flies 
inhabit the stomach and digestive tract 
of horses, mules and other species of 
equidae. In the United States there are 
three species of bot-flies, namely, Gastro - 
philus intestinalis, G . nasalis and G. 
haemorrhoidalis. 

The eggs of bot-flies are laid on hairs 
on different parts of the body,, the area 
selected being characteristic of the 
species which lays them. In depositing 
eggs, the female fly produces a humming 
noise with her wings, which, in the case 
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of the nose bot-fly ( G . haemorrhoidalis) 
and the throat fly (<?. nasalis), causes 
considerable excitement in horses; in 
fact, nervous animals frequently become 
unmanageable, with the result that 
“runaways” and accidents are of com¬ 
mon occurrence during the fly season. 

The larvae of bot-flies get into the 
digestive tract of horses and mules when 
the animals bite or lick themselves. 
However, in the case of the throat bot¬ 
fly, it is thought that the larvae pene¬ 
trate the skin and tissues and finally 
enter the esophagus and stomach under 
their own power, as it were. 

Bot-fly larvae produce considerable 
damage after they attach themselves to 
the mucous lining of the stomach and 
intestine, by interfering with the diges¬ 
tive functions and also by causing irrita¬ 
tion at the plac'' of attachment. Some¬ 
times pus-producing bacteria may enter, 
causing abscesses which may destroy so 
much tissue that perforation of the 
stomach wall follows. In such cases 
peritonitis invariably develops, terminat¬ 
ing in death. 

The larvae are easily destroyed by the 
administration of carbon disulfide dur¬ 
ing December, January and February. 
This drug kills not only the bots but also 
large roundworms or ascarids and stom¬ 
ach worms ( Habronema ). 

In Iowa and Illinois, excellent results 
have been obtained in controlling bots in 
horses by the cooperative efforts of agri¬ 
cultural extension workers, local veteri¬ 
narians and horse-owners. The principal 
object in this work is to treat as many 
horses and mules in as wide an area as 
possible so that the bots will be destroyed 
before they have an opportunity to de¬ 
velop into flies. In other words, it is 
much easier to control or destroy the 
larvae than the flies—which are of course 
able to travel comparatively long dis¬ 
tances and deposit thousands of eggs. 
Horse-owners who have experienced the 


benefits resulting from community bot- 
eradication work (call it state medicine, 
if you will) are very enthusiastic because 
they realize that treated horses and 
mules can be kept through the winter in 
better physical condition and with less 
feed and consequently much less expense. 
It may also be said that when a sufficient 
number of owners have had their ani¬ 
mals treated in a certain community, the 
number of bot-flies will be so reduced as 
to enable teams to work the following 
summer without being constantly sub¬ 
jected to attacks of bot-flies. Individual 
farmers or team-owners at times refuse 
to enter into a cooperative scheme of this 
kind. The horses and mules of these 
recalcitrants serve as incubators for bot¬ 
flies, which, not having the power of dis¬ 
crimination, are as likely to lay eggs on 
the animals of the most enthusiastic 
public-spirited farmers as on those 
owned by the “rugged individualists.” 

In sheep there is another species of 
bot-fly, namely, Oestris ovis, which has 
somewhat different habits, in that, in¬ 
stead of depositing eggs on the hair or 
wool, it lays them in the sheep’s nostrils. 
The eggs are ready to hatch as soon as 
they are deposited, so the young larvae 
lose no time in working their way up the 
nose into the nasal sinuses, where they 
attach themselves to the mucous mem¬ 
brane by means of hooklets. So much 
irritation is produced by these grubs 
that more or less characteristic symp¬ 
toms are exhibited, such as violent 
sneezing, stamping on the ground, dis¬ 
charge from the nose, loss of flesh, etc. 

Simulidae (black flies or buffalo 
gnats): Headers who are trout fishermen 
or who camp near streams in the spring 
will need no introduction to these in¬ 
sects, because their sharp and irritating 
bites are sufficient to mate a lasting im¬ 
pression on the memory. Black flies are 
a serious menace to live-stock owners 
during the early part of the year. In 
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fact, the blood extracted and toxins or 
poisons injected by these flies cause seri¬ 
ous and sometimes fatal sickness, even in 
larger animals, such as horses, mules and 
cattle. Black flies are also responsible 
for the spread of different communicable 
diseases, so that they are of particular 
economic importance. In ducks, a dis¬ 
ease caused by a protozoan parasite 
(Leucocytozoon anitis) is spread by 
black flies, according to Dr. E. E. 
OTtoke, of the School of Forestry and 
Conservation of the University of Michi¬ 
gan. This disease has caused a consider¬ 
able reduction in the numbers of wild 
ducks at Douglas Lake and elsewhere in 
Michigan, according to this same obser¬ 
ver, The parasite is transmitted from 
sick to well ducks by the bite of black 
flies. Adult ducks harboring the para¬ 
site are apparently little affected, but 
ducklings succumb in large numbers. 
Domestic ducks are also affected. Farm¬ 
ers report losses of from 70 to 100 per 
cent. 

Turkeys suffer from a similar disease, 
which is also transmitted by black flies. 
The organism in this case is Leucocyto¬ 
zoon smithi. It produces symptoms of 
muscular incoordination, sleepiness, 
coma, exhaustion and sometimes convul¬ 
sions. 

In horses, black flies are responsible 
for the transmission of a roundworm 
(Onchocera volvulus), which is associ¬ 
ated with a rather common disease of 
the withers of horses known as fistula. 
What part this parasite plays in the 
pathology of fistulous withers (and a 
similar condition affecting the head, 
back of the ears, known as poll evil) has 
not yet been definitely determined. 

Blacklock has shown that the micro¬ 
filaria of O, volvulus may develop in 
black flies; consequently, these insects, 
together with other diptera, such as 
tabanid flies, mosquitoes, etc., may be 
responsible for the transmission and 


spread of both fistula and poll evil 
among horses and mules. 

Before dismissing black flies or buf¬ 
falo gnats as vectors of animal diseases, 
it may be as well to state that anthrax, 
an exceptionally virulent disease of live 
stock in many of our southern states, is 
thought to be carried by these insects as 
well as by other blood-sucking flies. 

Culicidae (mosquitoes) : It has re¬ 
cently been discovered that mosquitoes 
belonging to the genera Culex and Aedes 
are responsible for the spread of fowl 
pox, a very common and harmful disease 
of chickens and pigeons. Mosquitoes 
also act as vectors of avian malaria and 
possibly coccidiosis. 

Fowl pox and other diseases are 
probably transmitted mechanically by 
mosquitoes—differing in this respect 
from the transmission of human malaria, 
which requires the completion of the sex¬ 
ual cycle of the malaria parasites inside 
the body of the mosquito before becom¬ 
ing infective for man. 

One of the most interesting and im¬ 
portant diseases carried by mosquitoes, 
so far as dog-owners are concerned, is 
heartworm infestation. Within the last 
few years dog-owners have become 
greatly concerned about the rapid 
spread of these parasites. The first re¬ 
ports of the occurrence of heartworm 
infestation in dogs in the United States 
were made from Florida. Now heart- 
worms are found in dogs in states much 
further north. The spread of this para¬ 
site is undoubtedly due to the fact that 
dogs shipped south for the hunting sea¬ 
son become infested and on their return 
to their northern homes act as centers of 
infestation for other dogs. As it is only 
necessary to have infested dogs and the 
presence of mosquitoes to make out¬ 
breaks possible, it will not be at all sur¬ 
prising if heartworm in dogs becomes 
far more wide-spread than it is at 
present. 
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Heartworms in their mature stage in¬ 
habit the right half of the heart. The 
parasite is viviparous, but the embryos 
are to be found in the general circula¬ 
tion. This is what makes it possible for 
mosquitoes to take up the embryo worms 
while feeding on infected dogs and to 
transfer them to other dogs. 

Symptoms produced as a result of 
heart wo rm infestation are not sufficiently 
characteristic as a rule to make a diag¬ 
nosis easy, but a microscopic examina¬ 
tion of the blood from suspected dogs 
has, of course, diagnostic value. 

Up to within a short time ago no cure 
for canine lieartworm infestation was 
known until Dr. J. M. Hays, of the Ala¬ 
bama Polytechnic Institute of Auburn, 
Alabama, reported, through the medium 
of a veterinary journal ( Veterinary 
Medicine, Apri 1 , 1933), that he had 
found a double antimony salt to pro¬ 
duce good clinical results when injected 
intravenously. 

More recently, the Zoological Division 
of the Bureau of Animal Industry an¬ 
nounced that two of their veterinarians, 
namely Drs. W. H. Wright and P. C. 
Underwood, had tested the efficacy of 
a complex antimony compound called 
“Fouadin” and that it had proved 
effective as a remedy for heart worm in¬ 
festation in dogs. This work, I under¬ 
stand, was assisted by a fund raised by 
the Sportsman’s Gun-Dog Club of Phila¬ 
delphia, so that this organization should 
receive full credit for their valuable aid. 

Major R. A. Kelser, of the Army 
Medical School, recently discovered that 
the mosquito (Aedcs aegypti) is capable 
of transmitting equine encephalomye¬ 
litis, commonly known as “horse 
plague.” This disease is caused by a 
filterable virus and was first reported in 
the San Joaquin Valley in California 
during the summer of 1930. Since that 
time the disease has become rather wide¬ 


spread and is causing considerable loss 
to horse-owners. 

Hippoboscidac (sheep-ticks): Sheep- 
ticks, as the reader is probably aware, 
are not true ticks at all, but degenerate 
dies living a parasitic life on the bodies 
of sheep. There are many species of 
hippoboscid flies, a number of which are 
found on birds, particularly owls and 
hawks. The sheep-tick, while a blood¬ 
sucker, strangely enough does not trans¬ 
mit any parasite known to be harmful. 
Nevertheless, in Australia, sheep-ticks 
are known to transmit a non-pathogenic 
protozoan parasite ( Trypanosoma mela- 
phagum ), which is only of academic 
importance to students of parasitology. 
Sheep-ticks, even though they are not 
known to transmit disease, are neverthe¬ 
less a serious menace to sheep-breeders 
because they cause considerable irrita¬ 
tion, restlessness and loss of blood in 
sheep, which as a consequence rapidly 
fall off in flesh and in general physical 
condition. 

Another hippoboscid fly, known as the 
pigeon fly ( Pseudolynchia maura), 
causes pigeon-fanciers much trouble and 
loss. Unlike the sheep-tick, this particu¬ 
lar fly is equipped with wings which 
enable it to make short flights from one 
bird to another. The pigeon fly is not 
only of considerable economic interest to 
pigeon-fanciers because of its irritating 
and blood-sucking habits, but it is also 
of importance because it is a carrier of 
pigeon malaria. This disease causes 
much sickness and many deaths in 
pigeons, but its control is confined almost 
entirely to the eradication of pigeon 
flies, which are readily destroyed by the 
application of pyrethrum powder and 
other insecticides in addition to the fre¬ 
quent cleaning up and removal of drop¬ 
pings, . etc. 

Another hippoboscid fly similar to the 
pigeon fly, called Lynchia hirsuta, is 
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found on California Valley quail. This 
fly also transmits a blood protozoan 
parasite which causes the death of a 
great many quail, particularly young 
birds, which seem to be more susceptible 
to the disease than older birds. 

Siphonaptera (fleas) : Fleas are of tre¬ 
mendous importance to the human medi¬ 
cal entomologist because they spread 
bubonic plague, but, so far as the veteri¬ 
narian and the live-stock owner are con¬ 
cerned, they are (with the exception of 
the chigoe) of little importance other 
than that they cause considerable annoy¬ 
ance to live stock. The principal interest 
in fleas, so far as the transmission of dis¬ 
ease in domestic animals goes, is that 
they act as intermediate host for the 
double-pored tapeworm of dogs (which 
is also carried by dog and cat lice, as 
mentioned in a previous paragraph). 
Fleas in the larval stage become infested 
with the embryos of the double-pored 
tapeworm by swallowing the tapeworm 
eggs mixed with debris on which the flea 
larvae feed. The embryo tapeworms are 
therefore carried over to the adult flea 
at the time of metamorphosis. 

The chigoe (family Tungidae) of the 
Tropics causes a great deal of annoyance 
and damage to dogs by penetrating the 
skin between the toes, producing sores 
similar to those occurring in man from 
the same source. Professor Frederick 
Gaige, of the University of Michigan, 
informed the writer that he had found 
dogs to be very badly infested with 
chigoes in Mexico and in Central Amer¬ 
ica. The female chigoe in man usually 
burrows under the toe nails in order to 
lay her eggs; while on dogs, as already 
stated, the flea penetrates the skin be¬ 
tween the toes, causing a painful swell¬ 
ing which may become infected with 
pus-producing bacteria so that serious 
consequences may follow. 

Coleoptera (beetles): While beetles 
are represented by more species than 


any other order of insects, they are of 
little if any importance as vectors of 
disease other than as intermediate hosts 
for a rather limited number of parasitic 
worms that infest animals. One of the 
most important and interesting occur¬ 
rences in this connection is the transmis¬ 
sion of the thorn-headed worm of swine 
with the rather awe-inspiring technical 
name of Macracanthorhynchus him - 
dinaceus, by May-beetles or June-bugs 
(chiefly Lachnosterna). This worm, 
which seems to occupy an intermediate 
position between tapeworms and round- 
worms, attaches itself in its mature form 
to the mucous membrane lining the small 
intestines of hogs, by five rows of strong 
hooks on the head end of its body. As 
a rule, thorn-headed worms are not 
ranked as of major importance, but they 
nevertheless cause unthriftiness and di¬ 
gestive disturbances in hogs. May-beetle 
grubs ingest the eggs of thorn-headed 
worms passed out of the body of infested 
hogs, mixed with the feces. After hatch¬ 
ing inside the digestive tract of the May- 
beetle larvae, the embryo worms become 
encysted in the muscles, and are released 
only when the grub or adult beetle is 
swallowed by hogs. Both May-beetle 
adults and larvae act as intermediate 
hosts. Hogs readily become infested be¬ 
cause they are very fond of May-beetle 
grubs and will root up considerable 
pasture land in their eagerness to find 
them. Knowing this, hog-raisers often 
place a ring in the tips of hog’s snouts 
in order to prevent them from rooting— 
which, whether the owner is aware of it 
or not, goes a long way to prevent swine 
from becoming infested. 

Certain species of dung beetles also act 
as intermediate hosts for a rather unim¬ 
portant roundworm of poultry and game 
birds technically known as Qongylonema 
ingluvicola; also for a roundworm of the 
same genus inhabiting the mucous and 
submucous membranes of the esophagus 



506 


THE SCIENTIFIC MONTHLY 


of sheep and cattle, namely, Gongy - 
lonema pulchrum (scutatum). Three 
poultry tapeworms are also known to be 
transmitted by various species of beetles, 
all of which are of more or less economic 
importance to the poultry raiser. 

In addition to the transmission of 
parasitic worms by beetles, the rose- 
chafer (Macrodactylus subspinosus ), 
causes poisoning in young chickens 
under ten (10) weeks of age. The symp¬ 
toms produced are drowsiness, weakness 
of the legs, paralysis and death. Read¬ 
ers who raise poultry should keep this 
fact in mind, as it may prevent avoidable 
loss in case young chickens are kept 
where there are rose bushes infested 
with these beetles. 

Acarina (Mites and Ticks) 

The order AcaHna contains species 
of arthropods that are of tremendous 
importance to the live-stock owner, not 
alone because many of them cause con¬ 
siderable damage due to their blood¬ 
sucking and irritating habits, but be¬ 
cause a number of species are carriers 
of fatal diseases of domestic animals 
similar in nature to malaria in man. 
By far the most important tick from 
an economic point of view in the United 
States is the southern cattle tick (Boo- 
philus annulutus ), because it alone of 
all species in this country is capable of 
transmitting Texas or splenic fever to 
cattle. The microorganism causing 
Texas fever (Babesia bigeminum ) is a 
protozoan which invades and destroys 
the red blood-cells. Texas fever is 
usually fatal in from 10 to 90 per cent, 
of non-immune cattle and is one of the 
principal reasons why cattle-raising has 
not been more profitable or more highly 
developed in many of the southern tier 
of states where the tick is common. 

Native cattle that have grown up with 
ticks, and consequently have been ex¬ 
posed to infection at a very early age, do 


not usually show any appreciable effect 
so far as Texas fever is concerned, al¬ 
though they act as reservoirs of infec¬ 
tion. The principal damage done to 
immune cattle is due to the constant 
irritation by the ticks, and the loss of 
blood, which may be enormous; for in¬ 
stance, a single female tick may gorge 
itself on blood until it becomes one hun¬ 
dred times its original size. 

The loss in weight and physical condi¬ 
tion, shrinkage in milk production in the 
case of milk cows and death from weak¬ 
ness and exhaustion are the chief forms 
of damage done by ticks to immune 
cattle. 

The eradication of Texas fever ticks 
by federal, state and county control 
measures is one of the most outstanding 
feats of successfully applied medical 
entomology in any country. Previous to 
the initiation of control measures in 
190G, Texas fever ticks were to be found 
ranging as far north as Virginia and as 
far west as California. In twenty-eight 
years, federal and state forces have suc¬ 
cessfully eradicated this parasite from 
all but comparatively small sections of 
Florida, Louisiana and Texas. It is ex¬ 
pected that if the work continues as 
rapidly and as successfully as it has in 
the past the United States will be en¬ 
tirely free of Texas fever ticks within a 
very few years. Parasitologists who de¬ 
sire specimens of B. annulatus had bet¬ 
ter lay in large series while the supply 
lasts; otherwise they may have to go to 
Mexico or to Central America for them. 

Aside from the fact that the almost 
total eradication of the Texas fever tick 
from U. S. territory is an accomplish¬ 
ment to be proud of, it also has a very 
illuminating economic side. For in¬ 
stance, in a recent article on Texas fever 
in the April (1934) issue of The North 
American Veterinarian, Dr. M. C. Hall, 
chief of the Zoological Division, Bureau 
of Animal Industry, pointed out that in 
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1906 it was estimated that Texas fever 
ticks and Texas fever plundered the 
people of the United States of $73,000,- 
000 annually. He also pointed out that 
the total federal and state expenditures 
for eradication work up to date aggre¬ 
gated $41,679,520, so that the total cost 
of this work so far is less than the loss 
sustained in one year as a result of the 
depredations of the ticks and Texas 
fever. 

While the Texas fever tick is alone 
responsible for the transmission of Texas 
fever in the Americas, there are other 
species capable of spreading this disease 
in other parts of the world. For in¬ 
stance, a subspecies of the Texas fever 
tick is found in Australia which is capa¬ 
ble of transmitting the disease, namely, 
Boophilus annulatus, australis. Curi¬ 
ously enough, a recent check-up has re¬ 
vealed the fact that this particular sub¬ 
species is also found in Florida and 
Texas. 

The castor bean tick ( Ixodes ricinus) 
is responsible for the transmission of a 
disease similar to Texas fever in various 
parts of Europe, while in South Africa 
the blue tick (Boophilus decoloratus) is 
the vector. 

Now that Texas fever has been largely 
eradicated in the United States, another 
disease of cattle has sprung up to take 
its place, namely, anaplasmosis. This 
disease is caused by an organism so simi¬ 
lar to that causing Texas fever that it is 
only within comparatively recent times 
that the difference has been realized. 
Anaplasmosis does not depend on the 
Texas fever tick for its transmission, as 
three ticks so far are known to be capa¬ 
ble of carrying it. These three are: the 
dog-tick ( Dermaeentor variabilis), the 
brown dog-tick ( Bhipacephalus san¬ 
guineus) and the wood-tick ( Derma- 
centor andersoni). There is a possibility 
that other arthropods may be involved 
in the transmission of anaplasmosis, in 


which case the disease will be a difficult 
one to control. Already it is spreading 
and is causing heavy losses in some of 
the southern and central states. 

The list of ticks responsible for the 
spread of diseases in animals by means 
of the piroplasma group of organisms is 
so great that the reader’s patience 
would be exhausted if an attempt were 
made to go into detail. However, it 
might be of interest to state briefly that 
biliary fever in horses and mules in 
South Africa and equine piroplasmosis 
in the same animals in Russia are trans¬ 
mitted by ticks, while East African coast 
fever in cattle, ictero-hematuria or 
heart-water disease in sheep and malig¬ 
nant jaundice in dogs are also caused by 
species of piroplasmas transmissible by 
various species of ticks. 

Tularemia or deer-fly fever is another 
tick-borne disease which has been given 
considerable publicity in the press, 
chiefly because it affects wild rabbits 
and is easily transmitted to those who 
handle or dress these animals, such as 
hunters, butchers, housewives, etc. Tula¬ 
remia produces in human patients such 
symptoms as a papule and inflammation 
at the point of infection, fever, chills, 
painful swelling of the lymphatic glands, 
general malaise, etc. The mortality rate 
in humans is not high, but thousands of 
rabbits die as a result of the infection. 
Some biologists are of the opinion that 
tularemia is a factor of great importance 
in “weeding out” the rabbit population 
when it becomes too numerous. Wild 
rabbits are therefore to be regarded as 
natural reservoirs of infection. Many 
other animal hosts, such as rats, field 
mice, sheep, muskrats, opossums, wood¬ 
chucks, cats and game birds, are also 
recognized as reservoirs of infection. 

The principal vector of tularemia 
seems to be the deer-fly ( Chrysops ). 
The wood-tick (Dermaeentor andersoni ), 
the rabbit tick (Haemaphysalis leporis 



palustris) and the rabbit louse (Haemo- 
dipsus ventricosus) are also known to be 
carriers of inf eetion. 

While the deer-fly is one of the princi¬ 
pal spreaders, the infective agent re¬ 
mains alive in its body for only a few 
days, whereas in the body of the wood- 
tick it remains alive throughout the life 
of this parasite. 

Poultry raisers have also reason to 
fear ticks, because there are several 
species capable of causing considerable 
damage to chickens and other domestic 
fowls. For instance, the fowl-tick 
(Argus miniatus), commonly called the 
“blue bug/’ is such a pest in the south¬ 
western states that poultry raisers have 
to wage a constant fight in order to keep 
it under control. 

The fowl-tick, besides (doing consider¬ 
able damage to poultry by its blood¬ 
sucking propensities, also transmits fowl 
spirochetosis—a disease caused by a 
blood spirochete (Bpirocheta gallma- 
m«), first recognised in Brazil. It also 
affects poultry in other parts of South 
and Central America, Africa, Europe, 
and possibly in some of the southern 
states of North America. Spirochetosis 
is most common among chickens, but it is 
also found in geese, ducks, pigeons and 
sparrows. In Persia and Tunis the same 
disease is transmitted by a fowl-tick of 
the same genus as the above, namely, 
Argus persicus. 

In addition tb their blood-sucking 
habits and their ability to act as vectors 
of disease, ticks (at least some species) 
have a third undesirable quality—they 
are capable of causing a peculiar type of 
paralysis which, is thought to be due to 
the injection of toxins into their victims 
ait the time of feeding. Paralysis at¬ 
tributed to ticks has been reported in 
humans, dogs, horsey sheep, pigs, rab¬ 
bits, foxes, moose and cattle. Definite 
proof that tick paralysis is caused by 
toxins secreted by the salivary glands of 


ticks and not by pathogenic organisms or 
virus is afforded by the faetthat as soon 
as the ticks are removed from the body 
the patient makes a rapid recovery. SO 
far as known, only female ticks cause 
paralysis. The tick chiefly responsible 
for paralysis in man and animals in the 
United States is the versatile wood-tick 
(Dermacentor undersom ). In Australia 
a dog-tick (Ixodes holocyclus) causes 
paralysis in dogs, poultry, pigs and other 
animals. There are no doubt a number 
of species of ticks capable of causing 
paralysis about which little or nothing is 
known at present. 

While it has been generally accepted 
that tick paralysis is caused by a toxin 
secreted by ticks, the work of Wallace, 
Cahn and Thomas (1933) on “Moose 
Disease’’ is worthy of serious considera¬ 
tion. These investigators found that a 
disease of wild moose, resulting in 
paralysis of the limbs and usually in 
death, was apparently produced by a 
bacillus, Klebsiella paralytica. This 
organism was isolated from ticks (Der¬ 
macentor albipictus) that had fed on 
infected moose, and when cultures of it 
were injected into guinea pigs, rabbits, 
chickens, lambs and an Ayrshire bull, 
they produced symptoms which were 
practically identical with those seen in 
moose disease. It would therefore seem 
that the cause of tick paralysis is open 
to further investigation. 

Acarina (mites) : Several species of 
mites barely visible to the unaided eye 
burrow into the skin or other tissues of 
the bodies of domestic animals, causing 
considerable expense and exasperation tb 
owners and being a source Of great dis¬ 
comfort and ill healthto their victims. 
The condition produced by mites is gen- 
erally called mange by the laity and 
scabies by veterinarians. Tbesenamea 
are derived from the fad: that thAbnK 
: rowing' habits■ < of mitescause an, ; ; 

..pouring of. serum that coagulates or 
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dries on the surface of the akin, produc¬ 
ing a thick, hare! crust. In the case of 
scabies caused by sareoptic, psoroptic 
and chorioptic mites, considerable irrita¬ 
tion is produced which causes the 
affected animals to constantly rub them¬ 
selves against convenient objects in 
order to allay the itching, thereby help¬ 
ing to spread the mites to other suscep¬ 
tible animals. 

All these types of mange respond 
rather readily to appropriate treatment 
and proper sanitary regulations. 

There is another species of mite, how¬ 
ever, that is the despair of dog-owners 
and veterinarians alike. It is called the 
“follicular mite” (Demodex fotticu- 
lorum). This mite invades the hair 
follicles and is very difficult to reach 
with parasiticides on account of its deep- 
seated and protected position at the base 
of the hair roots. So difficult is follicu- 


the affected animals hold their heads on 
one side. In severe cases, rabbits are not 
able to stand up, and may die as a result 
of their inability to eat This-particular 
mite occurs only accidentally in the ears 
of rabbits. It is normally found in bay, 
straw and similar material. 

In poultry there are several species of 
mites that cause serious pathological con¬ 
ditions ; for instance, the common 
chicken mite (Dermanytsus gallinae) 
feeds on the blood of chickens during 
the night and hides in cracks and crev¬ 
ices during the day. This mite is one of 
the most serious pests the poultry raiser 
has to contend with. Quite recently 
another mite, Liponyssut silviarum, 
somewhat similar in morphology to the 
common chicken mite, hal been intro¬ 
duced into the United States. This par¬ 
ticular mite may become even more an¬ 
noying to both chickens and their owners 


lar mange to cure when well advanced because it has entirely different habits, 
that nothing short of heroic and persis- For instance, instead of feeding on the 
tent treatment can conquer it. birds at night only, it remains on them 

Another type of mange mite invades all the time, even breeding among the 
the ears of dogs, foxes, oats and rabbits, feathers. 

producing a scabby condition inside the The scaly leg mite (Cnemidocoptet 
ear which usually goes by the name of mutant) and the depluming mite 
“canker”—a very inappropriate term, (Cnemidocoptet gallinae) are two other 
for canker may be due to other causes, mites which help to keep chickens enter- 
The species of mites causing ear mange tained. The first produces a thick, 
in dogs, cats and foxes is Otodectes scabby condition on the scaly portion of 
eynetis. It causes a pronounced itching, the legs, which is generally referred to 
so that the infested animals constantly by chicken raisers as scaly-leg. The de- 
, scratch at their ears—which does not pluming mite, as its name indicates, 
make matters any better. Bacterial com- causes loss of feathers—the birds pulling 
plications may develop, with resulting out their feathers to ease the irritation 
inflammation of the middle ear, and pos- produced by the mites. So badly de- 
sibly fits or convulsions and other die- nuded do some birds become that one 
turbances which are very alarming to might think they had started an avian 
file owner and dangerous to the patient, nudist colony. 

Another ?p*cica of ear mite attach the A disonssion of mites would hardly be 
middle ear of domestic rabbits, namely, complete without reference to our did 
Glyoiphagut domtaUous. The condition mend “the chigger” (Trombiculu trri- 
produoed by this mite is generally called tout), alias red bug, alias harvest mite, 
^‘wry nnA” by rabbit-breeders because etc. Personally the writer doea not 
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think the specific name of “irritans” is 
at all inappropriate; and he believes 
that any one who has been exposed to 
these pests will agree with him. (trig¬ 
gers are one of the biggest curses of cer¬ 
tain sections of the country, and one of 
the principal reasons why naturalists 
and other lovers of outdoors may, in 
spite of their enthusiasm, “quit the job” 
until the chigger season is over, unless 
they happen to have caught on to Dr. 
Ewing’s prophylactic treatment in the 
form of liberal applications of sulfur to 
the lower parts of the body before going 
into chigger-infested territory. 

Man is not the only animal attacked 
by chiggers; wild and domestic animals 
are seriously annoyed by them; in fact, 
chiggers often cause a high rate of mor¬ 
tality in young chickens continuously 
exposed to their attacks. Chiggers attack 
only in their larval form. The adults, 
according to Dr. Ewing, live largely on 
the fecal matter of arthropods and in 
decaying woody substances. 

Chiggers in this country are not 
known to transmit disease, but the larvae 
of a Japanese species ( T . akamushi) are 
responsible for the transmission of river- 
fever or “tsutsugamushi”—a highly 
fatal disease of man. The adults of this 


species of chigger live in the ears of Arid 
mice. 

If the reader’s patience has carried 
him to this point he will readily admit 
that insects and other arthropods are 
often of as much concern to the live¬ 
stock raiser as “overproduction” and 
failing markets for his product. It is 
rather strange that, while man has just 
about brought under subjection and con¬ 
trol almost all the arthropods which 
cause him individual annoyance and 
sickness, he has done comparatively little 
to control or eradicate the legion of 
arthropod pests and vectors of disease 
which make the lives of domestic animals 
so miserable. As Dr. Maurice G. Hall 
has said, “man’s chief concern seems to 
be to attack and, destroy parasites which 
affect him personally,” which perhaps 
accounts for the slowness with which he 
tackles the problem of controlling para¬ 
sites of live stock. However, a tre¬ 
mendous amount of work has been done 
in the last few years in this direction, 
and it is the hope of the writer that this 
article may contribute, however slightly, 
to further interest in the control and 
eradication of the arthropod and other 
parasites of our benefactors and friends 
—the domestic animals. 
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Ever since the operator of one of the 
first x-ray tubes suffered the first x-ray 
burn it has been recognized that x-radia¬ 
tion is capable of exerting a profound 
effect on living tissue. Experimenters 
have found, however, that not all cells 
of an organism are equally sensitive to 
x-rays. Certain cells may be destroyed 
or may be rendered inactive by a dosage 
of x-rays which leaves other cells of the 
same organism apparently unharmed. 
It has been discovered that, in general, 
rapidly growing tissues are most sus¬ 
ceptible to x-rays; tissues which are not 
undergoing rapid growth changes are 
less susceptible. This variability in the 
reaction of cells and tissues to x-rays 
places in the hands of the biologist an 
unusually efficient instrument of re¬ 
search, an instrument with which he is 
able to render certain cells inactive and 
by so doing discover the importance of 
these cells to the organism as a whole. 
X-rays, for example, have been found 
particularly useful in the investigation 
of certain problems of tissue growth 
such as the problem of regeneration. 

Many animals possess the ability of 
regenerating parts of the body which 
have been lost through injury. In the 
case of the common earthworm, for ex¬ 
ample, if one end of the worm be cut off 
then the portion of the body which re¬ 
mains is able to regenerate the lost part 
in approximately its original condition. 
Lobsters and other crustaceans can re¬ 
generate new claws to replace lost ones, 
fishes can regenerate fins, and amphibi- 
ans such as the salamanders are able to 
regenerate new limbs and tails. 

About thirty years ago G. R. Bardeen 


and F. H. Baetjer discovered that the 
small flatworm, Planaria, which under 
ordinary circumstances regenerates lost 
parts of the body very rapidly, loses its 
capacity to regenerate after it has been 
exposed to x-rays. More recently it has 
been found, through studies by W. C. 
Curtis, that the failure of Planaria to 
regenerate after exposure to x-rays is 
due to the fact that the x-rays destroy 
certain cells in the body of the worm 
called formative cells. Since these for¬ 
mative cells normally are the source of 
the new tissue which is formed during 
regeneration, their destruction renders 
the Planaria incapable of regenerating. 
Much the same situation prevails in 
some of the segmented worms in which, 
as R. G. Stone has shown, specialized 
regeneration cells are destroyed by 
x-rays. 

In the vertebrate animals no special¬ 
ized regeneration cells, such as forma¬ 
tive cells, have been found. However, a 
salamander which ordinarily can readily 
regenerate a lost limb, loses this ability 
after exposure to x-rays. This fact has 
been repeatedly demonstrated by experi¬ 
ments carried out in my laboratory in 
which the common American salaman¬ 
der (Amblystoma punctatum) was used. 
For experimental studies on regenera¬ 
tion the limb of this animal is a con¬ 
venient structure, for the reason that 
under ordinary conditions it is very 
readily regenerated and in a young 
salamander regeneration of the limb 
takes place at a rapid rate. Within the 
space of three or four weeks, for ex¬ 
ample, a young salamander is able to 
regenerate an entirely new limb, the 
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length of time required depending to 
a large extent on the age of the animal. 
Younger salamanders regenerate more 
rapidly than older ones. However, if a 
salamander which possesses this remark¬ 
able capacity for regeneration be given 
a single exposure to x-rays in proper 
dosage, then this capacity is completely 
lost. 

It has been found that the age of the 
animal used does not modify the effect 
of x-rays on limb regeneration. Regen¬ 
eration is prevented as readily in an 
animal which possesses a fully developed 
limb as in a young larva in which the 
limb is just developing. The age of the 
animal or the stage of limb development, 
therefore, is not a factor. A salamander 
of any age when exposed to x-rays in 
proper dosage loses completely its ability 
to regenerate a new limb. 

The description of a simple experi¬ 
ment will serve to demonstrate how 
readily observable are the effects of 
x-rays on regeneration. In Figs. 1 and 
2 are represented in outline the fore 


part of the body of two young sala¬ 
manders as seen from the under side. 
Each hand or fore foot has four digits, 
which is the full number of digits for 
the fore limb of this species of sala¬ 
mander. On June 12 the right fore 
limb of each salamander was amputated 
through the middle of the upper arm at 
a point indicated by the double pointed 
arrow. After the amputation the sala¬ 
mander shown in Fig. 1 was given a 
dosage of x-rays. The other salamander, 
shown in Fig. 2, was not x-rayed and 
was left to develop normally. 

In Figs. 2 and 3 are represented the 
same two salamanders twenty-two days 
after the amputation of the right fore 
limbs. The x-rayed individual, repre¬ 
sented in Fig. 3, shows a total absence 
of regeneration. The wound of amputa¬ 
tion has healed, but no regeneration of 
a new limb has taken place. Fig. 4, 
representing the normal unradiated sala¬ 
mander, demonstrates the amount of re¬ 
generation which has taken place during 
the twenty-two day period. A new right 



The drawings show two young salamanders. The double pointed arrow across each 

RIGHT PORE LIMB INDICATES THE POINT AT WHICH THE LIMB WAS AMPUTATED ON JUNE 12. 

After the amputation the salamander shown in Fio. 1 was exposed to x-rays. (The 

DRAWINGS WERE MADE WITH THE ANIMALS LYING ON THEIR BACKS. IN EACH CASS ONLY THE 

FORE PART OF THE BODY IS SHOWN.) 
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PIGS. 3 and 4. REGENERATING AND NON-REGENERATING LIMBS 
The same salamanders shown in Figs. 1 and 2. These drawings were made 22 days after 

THE AMPUTATION OF THE RIGHT FORE LIMB OF EACH ANIMAL, No REGENERATION HAS TAKEN 
PLACE IN THE X-RAYED SALAMANDER, FlG. 3. THE RIGHT FORE LIMB OF THE NORMAL UNRADIATED 
SALAMANDER, FlG. 4, IS REGENERATING NICELY. 



limb has already regenerated as far as 
the three-digit condition. A few days 
after this drawing was made the fourth 
digit appeared, and soon the right limb 
was again in the same condition as the 
unharmed left limb. 

In other experiments young salaman¬ 
der larvae in which the fore limb is just 
beginning to develop have been used. 
For example, one may amputate the limb 
bud at a time when it has just appeared 
on a young salamander larva as a small 
blunt protrusion or bud on the side of 
the body wall. Such an early stage of 
limb development is shown on the larva 
represented in side view in Fig. 5. Am¬ 
putation at this early time consists sim¬ 
ply in clipping off the free end of the 
little liiirib bud. The wound heals very 
quickly in a young larva, such as this, 
and, under normal conditions, regenera¬ 
tion of the limb bud and subsequent 
normal limb development takes place at 
a rapid rate. However, if after the am¬ 
putation of the small limb bud the larva 
be exposed to x-rays, then the limb will 


fail to develop. This experiment shows 
that even in this young stage of de¬ 
velopment x-radiation has completely re¬ 
moved from the animal the capacity for 
limb regeneration. 

Since x-radiation exerts so pronounced 
an effect on the regeneration of limbs, 
it is not surprising to discover that the 
normal development of limbs in young 
salamanders is also subject to modifica¬ 
tion by x-rays. Recently W. 0. Puckett, 
working in the Princeton laboratory, 
has made a detailed study of the influ¬ 
ence of x-rays on normal limb develop¬ 
ment. His work shows that exposure to 
x-rays at the proper time will com¬ 
pletely suppress normal limb develop¬ 
ment. This effect may be readily dem¬ 
onstrated by the following simple ex¬ 
periment on hind limb development. 
Hind limbs in the salamanders used for 
these studies normally develop much 
later than fore limbs. It will be noticed 
in the salamander larva shown in Fig. 5, 
for example, that although fore limbs 
are starting to develop, there is no sign 
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of hind limbs. In fact, the fore limbs 
will be well along in development before 
the hind limbs put in their appearance. 
Now, if such a larva as shown in Fig. 5 
be exposed to x-rays, then hind limbs 
will never appear at all. The sala¬ 
mander will develop into an individual 
which remains entirely limbless in the 
posterior part of the body. 

Not only is it possible to suppress 
totally the development of limbs, but 
also one can suppress the development 
of parts of limbs. Consider, for ex¬ 
ample, the formation of the digits on 
the fore limb. Normally digits numbers 
1 and 2 are the first to develop. They 
arise through the formation of two little 
outgrowths at the tip of the originally 
blunt limb bud. Then digit number 3 
appears as a little outgrowth near the 
base of digit 2, as one sees it developing 
on the right limb of the animal in Fig. 4. 
Finally, at a still later time digit number 
4 develops as a small outgrowth near 
the base of digit 3. In this manner the 
adult hand or fore foot is built up. 
Now, when one exposes to x-rays a 
young salamander larva with fore limbs 
on which only the first two digits have 
been formed, then the formation of the 
third and fourth digits will be pre¬ 
vented; each fore limb will remain as 
a permanent two-digit limb. Likewise, 
if one waits till a little later and radi¬ 
ates a salamander at a time when the 
first three digits have been formed, then 
the formation of the fourth digit will 
be suppressed, and the limb will remain 



FIG. 5. YOUNG SALAMANDER LARVA, 
(SIDE VIEW.) 

This larva shows ah early stage in the 

DEVELOPMENT OF THE FORE LIMB, WHICH AP¬ 
PEARS AS A SMALL BUD GROWING OUT FROM THE 
SIDE OF THE BODY. THE HIND LIMB BUDS HAVE 
NOT YET APPEARED. 


as a permanent three-digit limb. More¬ 
over, as we have learned from earlier ex¬ 
periments, if at any time one of these 
permanent two-digit or three-digit limbs 
be amputated it will fail to regenerate. 
The exposure to x-rays which prevented 
digit development also removed the ca¬ 
pacity for any future regeneration of 
the limb. 

With these facts in mind, it will be 
seen that through the proper use of 
x-rays salamanders with almost any type 
of limb desired can be produced. For 
example, by radiating at a time when 
fore limbs have been formed, but hind 
limbs have not yet appeared, one can 
obtain an animal which possesses well- 
developed fore limbs, but no hind limbs 
at all. Also, by proper correlation of 
radiation and amputation it is possible 
to obtain a salamander, which, let us 
say, has one fore limb in a permanent 
two-digit condition and the other fore 
limb in a permanent three-digit condi¬ 
tion. Indeed, by radiation at the proper 
time limbs with any desired combination 
of digits, within the limit of four, can 
be secured. 

Thus far we have been considering 
experiments in which the entire sala¬ 
mander was subjected to the influence of 
the x-rays. Other experiments have 
been made in which a portion of the 
animal has been shielded with pieces of 
lead plates which are impervious to 
x-rays. By this method it is possible to 
subject only a certain definite part of 
the body to the x-rays. For example, 
by shielding the region of the hind limbs 
and radiating only the fore part of the 
body one renders the fore limbs in¬ 
capable of regenerating, while the hind 
limbs retain their full potentialities. In 
this manner an animal which possesses 
hind limbs, but is without fore limbs, 
can be produced. Or, one may shield 
the right half of a salamander and leave 
the left half exposed to x-rays. Under 
these circumstances, both the fore and 
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hind limbs on the left side lose their 
capacity for regenerating, while the fore 
and hind limbs on the right side remain 
normal. These experiments demon¬ 
strate, among other things, that the ef¬ 
fect of x-rays on limb regeneration is a 
local effect. In other words, it is an 
effect which the x-rays exert directly on 
the cells in the limb area, and is not a 
general effect on the animal as a whole. 

Interesting as are the foregoing ex¬ 
periments, it is of still further interest 
and importance to inquire into the 
alterations which take place within the 
limbs of x-rayed salamanders. What 
changes have the x-rays brought about 
in the tissue, so that it is no longer 
capable of regenerating ? In order bet¬ 
ter to understand the changes which 
take place within the non-regenerating 
limbs of x-rayed salamanders, let us ex¬ 
amine first the manner in which new 
tissue is formed during normal regen¬ 
eration of the salamander limb. 

In Pig. 6 are shown three photographs 
of normally regenerating limbs eighteen 
hours, eight days and twelve days after 
the amputation of the limbs. Each pho¬ 
tograph was made from a thin section 
which was cut lengthwise through the 
limb in the plane indicated by the dotted 
line along the right limb in Pig. 2. All 
three photographs are highly magnified. 
By a study of these sections one may fol¬ 
low the tissue changes taking place dur¬ 
ing regeneration. 

The upper photograph in Fig. 6 shows 
a section through the stump of an ampu¬ 
tated limb eighteen hours after the am¬ 
putation. In the section are shown the 
scapula or shoulder blade and the hu¬ 
merus or bone of the upper arm which 
has been amputated about midway be¬ 
tween the shoulder and the elbow. *<In 
the young salamanders used for this ex¬ 
periment the humerus was made up of 
cartilage instead of bone, which develops 
later.) Healing of the wound of ampu¬ 
tation has already, taken place during 
the first eighteen hours. It consists, as 


shown in the photograph, in the growth 
over the raw stump of the surrounding 
skin or epidermis. During healing the 
epidermis becomes slightly thickened at 
the end of the limb, as the photograph 
shows. 

The middle photograph in Fig. 6 
shows the beginning of actual regenera¬ 
tion. Many alterations are now taking 
place among the cells of the limb stump 
which will result finally in the regenera¬ 
tion of a new limb. The first important 
change, and the one which is the signal 
for the building up of a new limb, is the 
appearance of a group of cells between 
the cut end of the humerus and the tip 
of the limb. These cells, well shown in 
the middle photograph in Pig. 6, make 
up what is known as the regeneration 
blastema. The cells of the blastema are 
of great importance, for it is from these 
cells that all the components of the new 
limb, except the nerves, will be formed. 
Once it has appeared, the regeneration 
blastema enlarges rapidly in size, and 
soon some of the cells of the blastema 
line up in rows preparatory to the for¬ 
mation of new cartilage at the cut end 
of the old cartilage stump. From then 
on regeneration of the limb goes on 
rapidly. 

The lower photograph in Fig. 6 shows 
clearly the formation of new tissue, par¬ 
ticularly cartilage, in a regenerating 
salamander limb twelve days after am¬ 
putation. The new humerus is plainly 
mapped out as far down as the elbow. 
One can clearly see, however, where new 
cartilage joins on to the old cartilage. 
This point of junction indicates the place 
where the limb was amputated twelve 
days before. The formation of a new 
lower arm is also progressing rapidly. 
Already a little notch at the tip end of 
the limb indicates the formation of the 
first two digits. Soon the third digit 
and then the fourth will appear. 
Within a month after the original limb 
was amputated a new limb will have 
been completely regenerated. 
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FIG. 6. BEGENERATING LIMBS 
THE PHOTOGRAPHS show changes which take 
PLACE WITHIN THE TISSUE OF THE SALAMANDER 
LIMB DURING NORMAL REGENERATION. EACH PHO¬ 
TOGRAPH WAS MADE FROM A THIN SECTION CUT 
LENGTHWISE THROUGH THE LIMB IN THE PLANE 
INDICATED BY THE DOTTED LINE ALONG THE RIGHT 

umb in Fig. 2. (All photographs are highly 

MAGNIFIED). THE UPPER PHOTOGRAPH SHOWS 
A LIMB STUMP 18 HOURS AFTER LIMB AMPUTA¬ 
TION. The middle photograph is a regener¬ 
ating UMB 8 DAYS AFTER AMPUTATION. THE 
LOWER SHOWS REGENERATION PROGRESSING RAP¬ 
IDLY 32 DAYS AFTER LIMB AMPUTATION. 


Having in mind, now, the main tissue 
changes which take place during the 
normal course of regeneration, let us 
turn to a study of the conditions which 
one finds in the tissue of the non-regen¬ 
erating limb stumps of x-rayed sala¬ 
manders. What alterations in the tissue 
have the x-rays brought about which 
render the limb incapable of regener¬ 
ating ? 

When one studies the changes taking 
place within the limb stump of an 
x-rayed salamander, such as the animal 
shown in Figs. 1 and 3, for example, one 
finds that they are strikingly different 
from those which accompany normal re¬ 
generation. However, differences in the 
tissue of radiated and unradiated ani¬ 
mals do not become apparent immedi¬ 
ately after amputation. During the first 
few days no very pronounced changes 
occur within the amputated limb other 
than the healing of the wound, which 
ordinarily takes place in an x-rayed 
salamander as rapidly as in a normal 
unradiated individual. On about the 
sixth day after amputation the similar¬ 
ity between the radiated and the unradi¬ 
ated animals ceases, and changes of an 
extraordinary and far-reaching nature 
begin within the limb stumps of the 
x-rayed salamanders. These changes are 
associated, first, with the region of the 
limb which normally is occupied by the 
cells of the new blastema, referred to 
above, and secondly, with the cartilage 
of the humerus. 

In Fig. 7 are shown photographs of 
sections through the limb stumps of 
x-rayed salamanders six, eight and 
eighteen days after limb amputation. 
As before, these are photographs of thin 
sections cut lengthwise through the 
limbs in the plane indicated by the 
dotted line along the right limb in Fig. 
1. A study of these sections reveals the 
differences between the tissue of non¬ 
regenerating limbs of x-rayed salaman¬ 
ders and the tissue found in normally 
regenerating limbs. 
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The upper photograph in Fig. 7 shows 
a section through a limb stump of an 
x-rayed salamander six days after the 
limb was amputated. One notices at 
once the absence of a regeneration blas¬ 
tema at the tip end of the limb, as was 
seen in normal regeneration. One ob¬ 
serves, also, that the cartilage of the 
humerus is undergoing a striking 
change. These two are the most pro¬ 
nounced changes which are brought 
about by the x-rays. No regeneration 
blastema ever forms in the limb of an 
x-rayed salamander, and the old carti¬ 
lage of the humerus, as time goes on, 
gradually degenerates and disappears. 

The extent to which the cartilage dis¬ 
solution or degeneration takes place in 
the limbs of radiated salamanders is 
startling. Eight days after the amputa¬ 
tion all the humerus of the limb has 
dissolved and disappeared, except the 
upper end or head. Such a condition as 
this is shown in the middle photograph 
in Fig. 7. The dissimilarity between 
radiated salamanders and normal sala¬ 
manders can readily be seen by compar¬ 
ing the middle photographs of Figs. 6 
and 7. In the normal animal, Fig. 6, the 
rebuilding of the limb from the new re¬ 
generation blastema is just about to 
begin. In the radiated animal, Fig. 7, 
there is no regeneration blastema and no 
sign of rebuilding, but, on the contrary, 
an extensive degeneration of tissue has 
set in. 

In the lower photograph in Fig. 7 is 
seen a non-regenerating limb stump of 
an x-rayed salamander eighteen days 
after the amputation of the limb. All 
tissues within the limb have now under¬ 
gone degeneration. Not only has the 
humerus degenerated and disappeared 
entirely, but the scapula or shoulder 
blade is also gone. Such a limb as this 
can never regenerate, but will simply 
remain as a little stump on the side of 
the body. The capacity for regeneration 
has been entirely lost. 

But is there no way at all, one may 



FIG. 7. NON-REGENERATING LIMBS 
The photographs show changes within the 

TISSUE OF NON-REGENERATING LIMB STUMPS OF 
X-RAYED SALAMANDERS. COMPARE THESE SEC¬ 
TIONS WITH THOSE THROUGH REGENERATING 
LIMBS SHOWN IN FlG, 6. (THESE SECTIONS 
HAVE BEEN CUT IN THE SAME MANNER AS THOSE 

in Fig. 6.) Upper: non-regenerating limb 

STUMP SIX DAYS AFTER LIMB AMPUTATION. 

Middle: non-regenerating limb eight days 

AFTER AMPUTATION, LOWER: DEGENERATION OF 
TISSUE IN A NON-REGENERATING LIMB STUMP 
EIGHTEEN* DAYS AFTER LIMB AMPUTATION. 
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ask, by which an x-rayed salamander 
may regain the ability to regenerate a 
limb 1 Can not the animal in some man¬ 
ner be rehabilitated? The ability to 
regenerate can be restored only when a 
radiated animal is supplied with a new 
unradiated limb. This can be done by 
removing from a normal unradiated 
salamander a limb, and transplanting ft 
to the body of an x-rayed individual. 
The transplanted limb may be placed in 
the normal limb location where it will 
grow, and often the salamander is able 
to use it in getting about nearly as well 
as it used its original limb. Now, if 
such a transplanted limb as this be am¬ 
putated, then a new one will be regen¬ 
erated. In this manner has the regen¬ 
erative ability been restored to the 
x-rayed animal. 

From a comparison, therefore, of the 
regenerative capacities of normal and 
x-rayed salamanders several conclusions 
are obvious. We find that when the 
formation of a new blastema is sup¬ 
pressed through the use of x-rays, then 
regeneration is prevented. We learn, 
moreover, that the cells which normally 


make up the regeneration blastema, and 
thereby enter into the formation of the 
new limb, come from the region of the 
limb itself and not from distant parts of 
the body, as some biologists have hereto¬ 
fore thought. The transplantation ex¬ 
periments just mentioned prove this 
point conclusively. We find, also, that 
in an x-rayed salamander the opposite 
of regeneration, namely, degeneration, 
takes place. It appears as though #}ien 
tissues of the limb are prevented from 
regenerating, they must of necessity de¬ 
generate. There are reasons for think¬ 
ing that the extensive degeneration of 
the humerus in x-rayed salamanders, for 
example, is due to the absence of a re¬ 
generation blastema. 

Experiment, when applied to a study 
of developmental processes, invariably 
brings about the formation of abnormal 
animals. It is through a careful analy¬ 
sis of these abnormal individuals that 
the experimentalist gains new insight 
into the factors which underlie normal 
development. In x-rays the biologist 
has an efficient instrument of research, 
a new method for experimental analysis. 
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John Wesley Powell's many-sided 
career was an expression of that remark¬ 
able period which was opened by the 
American Civil War and followed by the 
development of the Great West. It was 
first as soldier, then as teacher, then ex¬ 
plorer, later as geologist, anthropologist 
and philosopher; but perhaps more than 
all as the creative administrator who in¬ 
itiated and shaped the policies of some 
of our great scientific bureaus that his 
name will be long remembered. Powell 
was the father of the IT. S. Geological 
Survey, of the Bureau of American Eth¬ 
nology and of the vast Reclamation Ser¬ 
vice of the country. His life falls natu¬ 
rally into several distinct periods, each 
marked by a special line of endeavor. 

John Wesley Powell was born on 
March 24, 1834, at Mount Morris in the 
State of New York. His father was a 
Methodist clergyman who had emigrated 
to America from England only a few 
years before. When Powell was seven 
years old his parents removed to Jack- 
son, Ohio; five years later to South 
Grove in Walworth County, Wisconsin; 
five years later to Bonus Prairie, Boone 
County, in northern Illinois, and lastly 
to Wheaton, Illinois, where the Wesleyan 
College had just been established. Dur¬ 
ing these peripatetic movements of the 
Methodist clergyman, the chief support 
of the family was a farm, which was left 
largely to the care of Powell as a mere 
boy, and he thus early learned the lesson 
of self-reliance and came into intimate 
communion with nature. Young Powell 

* The author Is much indebted to Mr. Fred¬ 
erick S. Dellenbaugh, artist of Powell’s second 
canyon voyage, who has read critically the 
manuscript and supplied illustrations. 


attended the country schools when he 
could, particularly at Janesville, Wiscon¬ 
sin, and later Wheaton and Illinois col¬ 
leges irregularly, earning for a part of 
the time his support by service nights 
and mornings, by teaching and by lec¬ 
turing on natural history. The only ac¬ 
count of these lectures which has sur¬ 
vived in print is one delivered at Ann 
Arbor, and for the reason that Powell 
was ragged by the students there because 
he wore a coat with long tails. His clever 
retort brought him instant applause. 
Later he had two years of work at Ober- 
lin College, where he specialized in 
natural history. In 1859 he was elected 
to the secretaryship of the Illinois Natu¬ 
ral History Society. 

In the spring of 1860 Powell visited 
the southern states on a lecture tour and 
gained the clear impression that a civil 
war was inevitable. In the following 
summer he became principal of the pub¬ 
lic schools of Hennepin, Illinois, which 
with great vigor he organized and 
graded, keeping up, however, his natural 
history collections. 

Powell’s southern lecture tour had 
convinced him that a war between the 
sections was inevitable, and in the winter 
of 1860-1861 he took up seriously the 
study of military tactics and engineer¬ 
ing. Wh<m Lincoln issued his call for 
troops, he was the first in his community 
to enlist, and Company H of the 20th 
Illinois Regiment of Volunteers was 
raised largely through his efforts, though 
he enlisted as a private and went out as 
sergeant-major. At Cape Girardeau, 
Missouri, his knowledge of military engi¬ 
neering made him invaluable, and he was 
619 
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given practical charge of constructing few years only before his death that a 
the fortifications of the place. As a con- third and elaborate operation at the 
sequence he was highly commended by Johns Hopkins Hospital gave him relief. 
General Fremont, and he was promoted As soon as the earlier wounds were 
to second lieutenant. When the regi- healed, despite his lost hand, Powell went 
ment was ordered away, he was left in back into service and at the siege of 
charge of the fortifications he had so Vicksburg was a division chief of artil- 
largely constructed. In the winter of lery. He took part in the operations at 
1861-1862 he recruited a company of Natchez and New Orleans. In 1864 he 
artillery from the loyal Missourians, was assigned to the army of Tennessee 
which company became Battery F, 2nd under General Thomas, bringing with 
Illinois Artillery, with Powell as captain, him twenty batteries of artillery. He 
Ordered to Pittsburg Landing, Ten- served on General Thomas’s staff until 
nessee, at the battle of Shiloh a rifle mustered out at the end of the war. 
ball carried away his hand. Clumsily In 1862 Captain Powell was married 
dressed, a second operation was unskil- to his cousin, Emma Dean, of Detroit, 
fully made in the hospital which left a to whom he had long been engaged. A 
small stump only below the elbow, few hours later with his bride he was on 
Throughout almost his entire life Powell his way back to the field, where she took 
was never for any long period free from up the work of a nurse, 
racking pains in this arm, and it was a When in January, 1865, Powell was 
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—F> S. Dellenbaugh 

POWELL’S MONUMENT IN ARLINGTON NATIONAL CEMETERY FINISHED IN 
1014. POWELL’S FRIEND, COLONEL H. C. RlZER, IN THE BACKGROUND 
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discharged from the army after a career 
conspicuous for achievement, he dropped 
all interest in military affairs as sud¬ 
denly as he had entered upon them. 
Though he had held high command with 
rank of lieutenant-colonel it was as “the 
Major” that he was always affectionately 
referred to in after life. 

His career as a soldier concluded, 
Powell returned with great enthusiasm to 
his work as a naturalist and teacher. In 
1865 he was made professor of geology 
and curator of the museum in Illinois 
Wesleyan University at Bloomington, 
but later he resigned to accept a similar 
position at Illinois Normal College. In 
1867, with a class of sixteen students, he 
set out for the mountains of Colorado on 
what was the pioneer of extended geolog¬ 
ical field trips in America, and as that 
part of the country was not yet served 
by railroads, it was a somewhat arduous 
undertaking, but carried out with com¬ 
plete success. His faithful wife accom¬ 
panied him on a similar trip in 1868 but 
with a larger party, and when the stu¬ 
dents returned, the Powells remained in 
the Rocky Mountains, wintering at 
White River in Wyoming, as he wished 
to continue his geological explorations. 

This was the time that the idea to ex¬ 
plore the Grand Canyon of the Colorado 
took firm hold upon him. Bold as this 
undertaking was, it was taken up in no 
spirit of adventure, but solely with a 
view to lift the veil from the scientific 
secrets hidden within the canyon’s dark 
receases. No one better than Powell ap¬ 
preciated the dangers to be faced. The 
Union Pacific Railroad had then just 
reached the crossing of the Green River 
in Wyoming. The Green was a tributary 
of the Colorado, and it was known that 
the waters fell 6,000 feet in the 1,000 
miles before they reached the lowlands 
of the Southwest; and this to a certainty 
meant many rapids and falls. The coun¬ 
try through which the river coursed was 
made up of high plateaus, within which 


the river was incised in steep-walled 
canyons from which it would in most 
places be exceedingly difficult, if not im¬ 
possible, to climb out. Once launched 
upon the undertaking, there could be no 
turning back, and whatever the dangers, 
the only way to go was forward. After 
the winter spent in White River in 
Wyoming in careful exploratory work 
within the surrounding plateau country, 
Powell decided that, great as was the 
risk, the objects to be attained fully 
warranted the attempt to explore the 
canyons, and, as with Nansen, the results 
proved that his judgment was sound. 
Not a man was lost who remained with 
his leader. 

In considering the audacity of this 
enterprise, it must not be forgotten that 
the leader had only the stump of his 
right arm, yet he always took his place 
as leader in the pioneer boat, and though 
repeatedly upset in swift rapids, with 
the aid of a life preserver he managed to 
make his way out by clinging with his 
one hand to the capsized boat. Many 
times the expedition missed complete dis¬ 
aster by the narrowest of margins, and 
once when about fifty miles from the end 
the rapids ahead were so terrifying and 
with no possibility of a portage that 
three members of the party refused to go 
on. These men succeeded in getting out 
of the canyon but were killed by the 
Shawits Indians on the plateau above. 
With Ms stauncher companions Powell 
succeeded in passing the first rapids 
safely, but all boats were swamped in a 
far worse falls farther down the canyon. 
However, they escaped safely, and 
shortly thereafter the boats ran out of 
the last of the granite into smooth water 
and the journey was at an end. 

Powell has described this release from 
the canyon in some of the finest prose 
poetry in our language; 

The relief from danger and the joy of sue* 
eess are great. When he who has been chained 
by wounds to a hospital cot,, . . . until the 
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groans of those who lie about, tortured by 
probe and knife, are piled up, a weight of hor¬ 
ror on his oars that he cannot throw off, cannot 
forget, ... at last goes into the open field, what 
a world he «ee»! How beautiful the sky; how 
bright the sunshine; what “flood* of delirious 
music* * pour from the throats of birds; how 
sweot the fragrance of earth, and tree, and 
blossom 1 ... 

Something like this are the feelings we ex¬ 
perience tonight. Ever before us has been an 
unknown danger, heavier than immediate peril. 
Every working hour passed in the Grand Can¬ 
yon has been one of toil. We have watched 
with deep solicitude the steady disappearance 
of our scant supply of rations and from time to 
time have seen the river snatch a portion of the 
little left, while we wore ahungered. . . . Only 
during the few hours of deep sleep, consequent 
on hard labor, has the roar of the waters been 
hushed. Now the danger is over; now the toil 
has ceased; now the gloom has disappeared; 
now the firmament is bounded only by the hori- 
s&on; and what a vast expanse of constellations 
can be seen! 

The river rolls by us in silent majesty; the 
quiet of the camp is sweet; our joy is almost 
ecstasy. We sit till long after midnight talking 
of the Grand Canyon, talking of home, but 
chiefly talking of the three men who left us. 
Are they wandering in those depths, unable to 
find a way out? Are they searching over the 
desert lands above for water? or are they near¬ 
ing the settlements? 

Owing to /the defection of the three 
men it had been necessary to leave be¬ 
hind the geological specimens; and the 
hardships of the journey had made the 
traverse surveys uncertain and with im¬ 
portant gaps. The leader was therefore 
unsatisfied with the results obtained and 
he determined to make another journey 
through the canyon. This time with gov¬ 
ernment aid and a new party, a second 
canyon journey was 'carried out in 1871- 
1872 with many new perils, but now with 
complete success. Powell became a na¬ 
tional hero, for the attention of the 
country had been focussed upon the ex¬ 
peditions and his first party had been 
reported lost. He thus became an earlier 
Lindbergh, and with equal modesty he 
shunned publicity. Nevertheless, in later 
years this position before the public was 


undoubtedly a great asset when it was 
necessary to secure appropriations from 
the Congress. Powell’s interest, how¬ 
ever, was wholly in the scientific results, 
and it was years before he published any 
narrative account, and then only when 
assured that he could expect no appro¬ 
priations from Congress until his narra¬ 
tive was issued. 

Powell’s classic account of the Canyon 
journey is really a composite, a narrative 
of the first expedition with data inserted 
from the second. Nowhere would the 
reader suspect that the leader had lost 
an arm, though more than once he had 
been in serious trouble on this account, 
particularly when scaling the canyon 
walls fpr geological sections. Once when 
balanced precariously upon a narrow 
ledge high up on the canyon wall, he was 
forced to call for help. A companion 
higher up on the wall saw his predica¬ 
ment, but was without a rope. In des¬ 
peration he divested himself of his un¬ 
derwear and lowered it from a shelf. 
Powell let go the rock just long enough 
to grasp with his one hand the impro¬ 
vised rope and was hauled to safety. 
Years afterward he wrote of his com¬ 
rades on this expedition: “I was a 
maimed man; my right arm was gone; 
and these brave men, these good men, 
never forgot it. In every danger my 
safety was their first care, and in every 
working hour some kind service was ren¬ 
dered me and they transfigured my mis¬ 
fortune into a boon.” 

With the completion of the second 
Canyon journey, the second period of 
Powell’s career, that of explorer, came to 
an end; and it is safe to say that no 
bolder expedition or one entered upon 
with higher motives or with more com¬ 
plete success has ever been undertaken in 
this country. In May, 1918, a memorial 
in the form of a stone altar supporting 
a bronze tablet with an account of 
Powell’s expeditions was erected upon 
the brink of the Grand Canyon. 



JOHN WESLEY POWELL 


525 



— F. 8. Dellenbaugh 

BRONZE TABLET ERECTED IN 1921 

ON THE BRINK OF THE GRAND CANYON TO COMMEMORATE POWELL'S TWO VOYAGES. On 
THE RIGHT IS F. 8. DELLENBAUGH, ARTIST COMPANION OF POWELL ON HIS SECOND CANYON VOY¬ 
AGE, AND ON T1IE LEFT EMERY KOLB WHO MADE A CANYON VOYAGE IN 1911. THE FLAG WAS CAR¬ 
RIED by Powell in the “Emma Dkan m 1871-72. 


Powell’s studies within and about the 
Grand Canyon and within the Rocky 
Mountain Region continued tor nine 
years and were made along three differ¬ 
ent lines—in geology, anthropology and 
reclamation, in each of which Powell was 
destined to become a foremost authority. 
The geological results of his labor are 
published in two quarto monographs as 
government publications, and in many 
shorter papers. The area covered is 
probably unsurpassed for the display on 
a large scale of geological structures, 
and the keen mind of Powell enabled 
him to lay the foundations of wholly 
new chapters in geological science, A 
new subscience of geomorphology or 
phyeiographical geology was born of bis 
studies. 

To cite Gilbert: “In connection with 
the field studies in these districts he de¬ 
veloped a new classification of moun¬ 
tains, by structure tod genesis; a struc¬ 
tural classification of valleys; and a 


genetic classification of drainage sys¬ 
tems. His classification of drainage 
recognized three modes of genesis, of 
which two were new. With the novel 
ideas involved in the terms ‘superim¬ 
posed drainage’ and ‘antecedent drain¬ 
age’ were associated the broader idea 
that the physical history of the region 
might be read in part from a study of its 
drainage system in relation to its rock 
structure.’’ Another idea of the utmost 
importance to the science, that of “base 
level of erosion,” we owe to these 
studies of Powell. Outside these greater 
monographs Powell published many 
shorter articles, and his complete bibliog¬ 
raphy includes 251 items. 

As director of the Geographical and 
Geological Survey of the Rocky Moun¬ 
tain Region, Powefll was authorized to 
engage other geologists, and he brought 
to his survey G. K. Gilbert and C. E. 
Dutton, whose monographs on the 
Henry Mountains and on the High 
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— F. S. Dellenbcuigh 

MAJOR POWELL WTTH CHIEF OF THE 
PAI UTE8 IN THE COLORADO REGION 
IN THE EIGHTEEN SEVENTIES. 

Plateaus of Utah later published by his 
survey are to-day among the great 
classics of the science. Gilbert became 
one of the very greatest of American 
geologists, and he has borne testimony to 
Powell's contribution of ideas to his 
colleagues. 

Gathering about him [writes Gilbert] the 
ablest men he could secure, he wajs always their 
intellectual leader, and few of his colleagues 
could withstand the influence of his master 
mind. Phenomenally fertile in ideas, he was 
absolutely free in their communication, with th© 
result that many of his suggestions—a number 
which never can be known—wore unconsciously 
appropriated by his associates and incorporated 
in their published results. I have elsewhere ex¬ 
pressed the opinion that the scientific product 
which he directly and indirectly inspired may 
equal or even exceed that which stands in his 
own name. 

Powell's studies of the Indian races 
began simultaneously with those on the 


geology of the West and were continued 
at every possible opportunity. We owe 
to him important pioneer studies, espe¬ 
cially on the Indian languages, Indian 
handiwork, customs, mythology and phi¬ 
losophy, with their origin and tribal 
relationships. According to McGee the 
principle of genesis was the keynote of 
Powell’s researches in ethnology and in 
general anthropology: 

He mastered the Indian languages, first m a 
means of gathering facts and later for their 
own inherent interest.. , . . 

The published details of Powell work fill 
volumes; yet in ethnology and general anthro¬ 
pology, no less than in geology, the larger share 
of the fruit of his vigorous thinking was turned 
over freely to colaborers, with a generosity un¬ 
paralleled in the history of Science, to find it» 
way into the general body of human knowledge 
under other names than his own. 

But the period of Powell’s life spent 
primarily as a research scientist was 
soon to be replaced by that of the admin¬ 
istrator, and from now on until his re¬ 
tirement in 1894, his time and thought 
were to be devoted largely to the direc¬ 
tion of great government bureaus. Al¬ 
most simultaneously with the organiza¬ 
tion of his first survey department in the 
West, there had grown up three other 
organizations generally known respec¬ 
tively as the Hayden Survey, organized 
under the General Land Office, the King 
Survey, under control of the Amy engi¬ 
neers, and the Wheeler Survey, also 
under the Army. The Powell Survey 
was organized under the Smithsonian 
Institution but was later transferred to 
the Interior Department. There was 
lack of coordination and an overlapping 
of work with consequent waste of public 
funds, and quite naturally each director 
was ambitious for his own organization 
and was in competition with the others 
to secure public support. As early as 
1875 the need of combination under a 
single head had become apparent, and in 
1879 Congress referred the,matter to the 
National Academy of Sciences for rec- 
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ommendation. A distinguished commit¬ 
tee was appointed from the academy, but 
it was largely through Powell’s advice 
and initiative that the four surveys were 
in 1879 merged in a new organization 
administered under the Interior Depart¬ 
ment and known as the U. S. Geographi¬ 
cal and Geological Survey. Because of 
the important role that he had played in 
securing this result Powell declined to 
have his name considered for head of the 
new organization, and Clarence King 
was by Presidential appointment made 
the first director. At the same time the 
Bureau of American Ethnology was 
created under the Smithsonian Institu¬ 
tion to take over the ethnologic work of 
the several surveys, and Powell was at 
once made its director. After a little 
more than a year King resigned from the 
Geological Survey, as it was later called, 
and Powell was immediately named his 
successor. He thereafter served as di¬ 
rector of both bureaus until 1894. It 
was under him that the Geological Sur¬ 
vey grew and its policies were largely 
shaped. 

There are administrators [»ays Charles D. 
Walcott] who achieve a fair amount of success 
through securing from the organization econom¬ 
ical and efficient work along prescribed lines. 
These are, properly speaking, executives. There 
are administrators of another kind, who possess 
insight and creative ability, who have scientific 
imagination and the power of initiative. Their 
conceptions are broad and clear; they are not 
only masterful in execution, but fertile in sug¬ 
gestion and potent with the authorizing power. 
Among this class Major Powell was eminent. 

Prom the start Powell elected to at¬ 
tack the larger problems of pure science 
and it the practical investigation of a 
mining district was to be made, those 
problems involved which were of a 
purely scientific nature were not over¬ 
looked. As one now surveys the noble 
series <$ monographs and of annual re¬ 
ports issued by the Survey and by the 
Bureau of Ethnolpgy during Powell's 
term of office, he can not but be im¬ 


pressed with the large proportion which 
have become classics of the science. In 
no equal period since that time has any 
comparable set of publications been is¬ 
sued by the Survey. His was the most 
glorious period of the U. S. Geological 
Survey. 

When in 1867 Powell made his first 
visit to the Great West, his keen mind 
grasped the future possibilities of this 
vast semi-arid region through irrigation, 
and from that time the subject was never 
laid down but became one of the major 
efforts of his busy life. In 1878 he 
brought out his monographic report on 
the 4 ‘Lands of the Arid Regions of the 
United States," which was soon issued 
in a second edition. In this monograph 
he set forth with marvelous insight the 
essential conditions for irrigation, a 
formulation of the principles by which 
much of the later work was guided. As 
director of the Geological Survey, he 
soon enlarged its scope to include the 
investigations of water supply with 
special reference to irrigation. The 
flow of streams was measured, reservoir 
sites were surveyed and extensive re¬ 
searches were carried out upon the con¬ 
servation of water supply. He thus 
trained the fine body of men who be¬ 
came known as “his boys"—the sons of 
the Reclamation Service as he was its 
father. No one better than Powell knew 
the irrigation possibilities, and he was 
determined that this great heritage 
should be vested in the people themselves 
so that they should never be robbed of 
their rights through the operations of 
water companies. Powell early saw that 
only the Federal Government could 
undertake ysuch gigantic projects, which 
would require expenditures in the aggre¬ 
gate of billions of dollars. “The world 
owes the gift," says the historian of the 
Service, “to John Wesley Powell, the 
father of the Reclamation Service." 

It was but natural that powerful pri¬ 
vate interests should be arrayed in oppo¬ 
sition to* Major Powell. At first he was 
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discredited because he boldly announced 
that only a small percentage of the West 
could ever be reclaimed, and he declared 
to be semi-arid the middle plains belt 
where the railroads were then luring 
settlers to their undoing. He pointed 
out clearly the evils which must be reme¬ 
died through legislation. 

The attacks upon Powell were aimed 
directly at the Geological Survey, and in 
1892 his enemies in Congress delivered 
upon it a body blow which left it crip¬ 
pled to recover only slowly. During a 
luncheon recess of the Congress these 
men succeeded in bringing together a 
bare quorum and the Survey appropria¬ 
tion was reduced by almost one third. 
The day is well remembered by the 
writer, who received from the director 
a laconic telegram to stop field work at 
once, and similar telegrams went to field 
parties throughout the country. Not 
long thereafter under his successor the 
policy was inaugurated in the Survey of 
undertaking those studies only which 
could be seen to lead directly to a “prac¬ 
tical” solution which could be measured 
in terms of dollars. 

Two years later in failing health, 
Powell resigned his position as director 
of the Geological Survey, delegated the 
direction of the Ethnological Bureau, 
and the labors for a proper Reclamation 
Service had to be taken over by others, 
but mainly by the men he had developed. 
The bill which founded the great Recla¬ 
mation Service was finally passed in 
1902 with the powerful support of 
President Theodore Roosevelt. Powell, 
seriously ill and only three months be¬ 
fore his death, was greatly cheered by 
the news of its passage. 

Powell’s interest in philosophy had 
been early stimulated by his study of the 
primitive philosophy of the Indian 
tribes, and with his retirement from ad¬ 
ministrative responsibilities, be turned 
to studies of psychology and philosophy, 
which took up his attention during the 


last eight years of his life. Four years 
before his death he published “Truth 
and Error, or the Science of Intellec¬ 
tion,” a book of over four hundred pages 
in which his philosophy is clearly set 
forth. In reading it one is constantly 
reminded of Huxley by its trenchant 
phrases as he hews to the line through 
some of the unrealities of metaphysics, 
i shall content myself by references to 
the opening and the closing pages of 
“Truth and Error,” which in some 
measure indicate its trend. 

Powell relates that once on the brink 
of the Grand Canyon he was in camp 
with Indians, and with their chief, 
Chuar, they amused themselves by 
throwing stones out over the canyon in 
a vain attempt to reach the other wall. 
Chuar expressed the belief that he could 
throw a stone much farther over the 
plateau than he could over the canyon, 
and he explained that the canyon pulled 
the stone down. He thus reified void 
and imputed to it the force of a pull. 

Now [says Powell], in the language of 
Chuar’s people, a wi«e man ia said to be a 
traveller . . . as they suppose that a man must 
learn by journeying much. So ... I told 
Chuar that he was a great traveller, and that 
I knew of two other great travellers . . . one 
by the name of Hegel, and another by the name 
of Spencer, and that I should ever remember 
these three wise men, who spoke like words of 
wisdom, for it passed through my mind that all 
three of these philosophers had reified void and 
founded a philosophy thereon. 

The sentences which conclude the vol¬ 
ume are: “The war of philosophy is 
between Idealists and Materialists. The 
philosophy here presented is neither 
Idealism nor Materialism. I would fain 
call it the Philosophy of Science.” 

A second volume entitled “Good and 
Evil” appeared in serial form as sepa¬ 
rate essays, but was never brought out 
in book form, and a third volume, 
planned to treat of the emotions, was 
never completed. As a philosopher 
Powell was but little known, but his 
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Vigor of thought and clarity of expres- 
aion merit a wider consideration. 

In later life honors poured in upon 
Powell. He was elected to the National 
Academy of Sciences, the American 
Philosophical Society and the American 
Academy of Arts and Sciences. Har¬ 
vard University and the Columbian 
University, as well as many other insti¬ 
tutions, conferred upon him their honor¬ 
ary degrees of doctor of laws, and the 
University of Heidelberg in Germany 
made him an honorary doctor of philoso¬ 
phy. He was elected to the presidency 
of the Geological Society of America and 
the American Association for the Ad¬ 
vancement of Science. He was president 
of the Anthropological Society of Wash¬ 
ington from its foundation in 1879 until 
1888. In 1891 the French Academy of 
Sciences awarded him the much coveted 
Cuvier Prize. 

In personal appearance Powell was a 
notably rugged type, a hairy man with 
large bulbous nose, a patriarchal beard, 
and with rather small eyes under bushy 
eyebrows. In later life his face was 
deeply seamed, which might tell some¬ 
thing of what he had suffered from tor¬ 
turing pain. His figure was that of a 
sturdy oak, gnarled and seamed and 
with severed limb, which had withstood 
the blasts of many winters. The face 
was not a handsome one, but it was one 
which could not be overlooked in any 
assembly. 


As a man Powell was in high degree 
self-contained, and his intimate friends 
were in consequence a small company 
only, though he drew a host of others to 
admire and love him. Beferring to his 
associates on the occasion of hiB retire¬ 
ment from the Geological Survey, his 
valedictory statement is full of pathos: 

In this severance of our relations [he wrote], 
made necessary by painful disability, I cannot 
refrain from an expression of profound grati¬ 
tude for the loyal and loving aid which they 
have given me, ever working together with seal 
and wisdom to add to the sum of human 
knowledge. The roster of these honored men is 
found in ten-score volumes of contributions to 
knowledge and fifty-score maps familiar to the 
scholars of the world, and their names need no 
repetition here. . . . 

With feelings of deep endearment I say good¬ 
bye. 

He died at bis country home at Haven, 
Maine, on September 23, 1902, in his 
sixty-ninth year. One of his closest 
friends, Dr. S. P. Langley, then the dis¬ 
tinguished head of the Smithsonian In¬ 
stitution, has written feelingly of him: 

If there be anything outside the soldier, the 
explorer, or the man of science, it lay in a sin¬ 
gularly simple and strong humanity; a some¬ 
thing which took hold of you and made you his 
friend. While he was here he filled an almost 
unique place in one ’b life, and now that he is 
gone there remains a gap which no other can 
fill. ... He was a Stoic who suffered long years 
of pain in eilence and who at the end met the 
approach of death as though it were a familiar 
incident of life. . . . We shall not often look 
upon his like. 
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During the present exciting field day 
for critics of our commercial and indus¬ 
trial system, our banking and education, 
our morals and religion, our liberalism 
and democracy—our social institutions 
in general, each must determine for him¬ 
self the value of an answer to a destruc¬ 
tive assault. The formula for the fame 
of the headlines is simple enough and 
widely diffused: crack down a public 
idol with iconoclastic zeal or kidnap 
him. On occasion one discerns a glint 
of wisdom in the weathered old Cana¬ 
dian settler who, when he received a bill 
for taxes in figures of disturbing magni¬ 
tude, was never at a loss to know how to 
dispose of it. Documents of this de¬ 
scription were summarily devoted to the 
primordial derisive use of such imper¬ 
tinences. 

An article which recently appeared in 
Harper*s Magazine under the title, 
“Educators Groping for the Stars,” 
should be spared the cruel fate of insult 
added to the injury of neglect, and for 
two reasons. First, though negatively 
vigorous, it is constructively negligible. 
Second, it is not even dependable in its 
vigorous negation. It brings to mind 
the penchant for misinformation and 
distortion exhibited by a young lady 
described by Stratton Brooks when he 
was superintendent of the Boston public 
schools. “She was a splendid teacher,” 
he said, “of things that aren’t so.” In 
their enthusiasm for scientific research, 
the author, Mr. Nathaniel Peffer, charm¬ 
ingly likens educators of the present to 
the legendary general who at the first 
sound of alarm flung himself into the 
saddle and rode off in all directions at 
once. Peffer, of Guggenheim affiliation, 
bears a closer resemblance to our own 


General Hooker, who shortly after his 
appointment to the command of the 
Army of the Potomac, is reported to 
have sent a message to President Lin¬ 
coln embellished at the top—“Head¬ 
quarters in the Saddle.” Lincoln read 
the message, then drily remarked : 
“There is only one trouble with Hooker. 
His headquarters are where his hind¬ 
quarters ought to be.” 

A careful analysis of the article soon 
throws the causes of irritation into bold 
relief. Educators are suffering from a 
species of “frenetic inflation,” “gran¬ 
diloquent fancies,” “wild divagations” 
and the excessive “altitude of their am¬ 
bition. ’ ’ 

“I beg your stuff?” says Baron 
Munchausen. 

Well, a less rhapsodical diagnosis of 
the malady shows it to be threefold. It 
consists of the misguided adoption of the 
following aims: (1) Reconstruction of 
the social order, (2) integration of indi¬ 
vidual personality, (3) scientific investi¬ 
gation of educational problems. 

A coterie of educators has been dis¬ 
covered whose central objective is the 
reconstruction of the social order. 
These educators have been greatly im¬ 
pressed by the bolshevist movement for 
social reform in Russia. They favor 
national planning and a collectivistic 
state. They would even enlist the en¬ 
ergies of the schools in subversive activ¬ 
ity for the accomplishment of their 
revolutionary ends. 

As a judge in Pittsburgh recently re¬ 
marked, “These fellows are not edu¬ 
cators; they should hire a hall and go 
into politics.” Too true. They repre¬ 
sent neither the educational sentiment 
of the nation nor the .views of the vast 
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majority of intelligent leaders. They 
represent the radical fringe. Moreover, 
they have undertaken a task of leader¬ 
ship that calls for competent specialists 
in the social sciences, when there is not 
a sociologist or economist or political 
scientist of recognized scholarly standing 
among them. It is obvious, then, that I 
have no quarrel with one who disputes 
the ambitious claim of these revolution¬ 
ary agitators in pedagogical clothing. I 
even admit that a genuine service has 
been performed by turning a searchlight 
on the weaknesses of their position. I 
simply resent the implication that this 
type of radicalism has seriously in¬ 
fected, much less permeated, the real 
educational leadership of the nation. 

Nor do I object to the outburst 
against those who worship at the mystic 
shrine of “integration." When vaguer 
educational aims are made, such people 
will make them. But after a valiant 
effort to relieve education of irrelevancy 
and mistiness, of social reconstruction 
and individual integration as basic pur¬ 
poses, Mr. Peffer, with curious inconsis¬ 
tency, ends his discussion by lifting 
John Dewey to a lofty pedestal and 
bowing down in worshipful regard to 
him as one “who has been our greatest 
pioneer in educational thought/* This 
in the face of the fact that both of the 
doctrines so bitterly attacked have been 
absorbed in the program of the self- 
styled progressive school in education, 
of which Dewey is high priest and ac¬ 
knowledged leader. The doctrines, so¬ 
cial reconstruction and individual in¬ 
tegration, are not horrible examples of 
“a superficial rendering of John 
Dewey's educational philosophy." They 
bear the stamp of his approval in au¬ 
thentic documents. He is the open 
champion of both. 

The third distressing feature of mod¬ 
em educational policy, we are informed, 
is the adoption of the scientific method. 
This policy is judged the ill-starred 


child of much beclouded brains. And 
what a comedy of errors it seems to en¬ 
tail. “All that education has taken 
over from science," our critic contends, 
“is the word research. By its very na¬ 
ture that is all it can take, for it deals 
with too many factors which are im¬ 
ponderable, which by their very essence 
are not measurable by fixed and un¬ 
changing standards." 

The picture which is painted of the 
attempts of educators to apply scientific 
methods in the investigation of their 
problems is a product of the misinfor¬ 
mation and distortion earlier referred 
to. The outmoded questionnaire, pre¬ 
carious tests of character traits and 
rating scales for measuring qualities of 
personality are held up as representa¬ 
tive of techniques regarded by educators 
as scientific, when the truth is that the 
questionnaire method, except as a legiti¬ 
mate index of mere opinion, is in thor¬ 
ough disrepute among educational inves¬ 
tigators ; the problem of measuring such 
character traits as loyalty and leader¬ 
ship is known by them to be unsolved; 
and the rating scales employed on occa¬ 
sion by superintendents of schools in 
estimating the degree of certain desir¬ 
able personal traits possessed by teach¬ 
ers have been shown by educational 
experimentalists themselves to be highly 
unreliable because highly subjective. 

Now let us bend a little nearer to our 
task. Is there any possibility of a 
science of education ? If there is, it will 
not be discovered by negative dogma¬ 
tists. Nor will the possibility of such a 
science be demonstrated by abortive ex¬ 
amples, like those cited above. But 
even on these examples one can look 
with a measure of tolerance if one stops 
to reflect that not every pedagogue who 
mails a questionnaire is entitled to rep¬ 
resent the scientific personnel of his 
profession, that in many fields the de¬ 
sired objectivity of method is achieved 
only after repeated failure, and that the 
possibility of a science of education 
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must be judged by the best and not by 
the worst of its investigations. 

It is a commonplace to remark that 
science and measurement develop hand 
in hand. As methods of measuring are 
devised, science advances. This has been 
notably true in physics, which has been 
taken as the pattern for all exact 
science. The laws of physics are based 
on facts determined by measurement— 
facts regarding the mass, volume, tem¬ 
perature, velocity, and the like, of ob¬ 
jects. Such terms as these denote either 
qualities or relations between qualities. 
Temperature is a quality of an object. 
Velocity is the ratio between a spatial 
and a temporal quality. 

That is, if I divide the distance you run 
by the number v,f minutes you run, I 
have your rate, or velocity, of move¬ 
ment. If v remains constant while both 
d and t change, we have an example of 
the type of uniformity that science dis¬ 
covers in the midst of change. 

Now let us revert to our qualities for 
a moment. We spoke of the qualities of 
an object, but on reflection it becomes 
evident that an object of perception is 
a combination of qualities. By measur¬ 
ing the qualities one measures the ob¬ 
ject. Moreover, one measures the quali¬ 
ties in amount. Length is a quality of 
an object and is measured in amount by 
an instrument known as a yardstick. 
Temperature is a quality and is mea¬ 
sured in amount by an instrument 
known as a thermometer. Every qual¬ 
ity seems to come in some amount. It 
possesses either extensive or intensive 
magnitude, each of which is measurable 
with more or less exactitude. It should 
be observed, further, that the measure¬ 


ment is always in terms of arbitrary 
units on a scale. As Eddington has 
said, measurement always resembles the 
action of a pointer on a dial. Indeed, 
a quality in last analysis becomes to 


science an event coordinated with an¬ 
other event. Measurement expresses a 
relation between events. Something 
happens and the pointer registers some¬ 
thing. That is measurement. And, 
finally, the measurement never has the 
perfection of accuracy so commonly sup¬ 
posed. Every measurement is a statisti¬ 
cal approximation. 

In the interest of clearness it may be 
well to dwell a moment longer on the 
last preceding point, for many persons 
no doubt still believe that scientists, es¬ 
pecially physical scientists, can measure 
with greater precision than was just 
indicated. The difficulties in the way of 
perfect measurement can be illustrated, 
however, by a very simple example. 
Suppose I bring forth a yardstick and 
ask each of a group of scientists to mea¬ 
sure the length of my desk to the nearest 
inch. When the results are announced 
I would expect no variation among 
them, unless perchance one of my guests 
became so bored by the triviality of the 
task that he absent-mindedly forgot the 
assignment. We shall endeavor to 
awake even his interest by next asking 
for a measurement to one thousandth of 
an inch. Now the difficulties begin to 
pile up so fast that we shall not have 
time to enumerate them. Immediately 
I hear a demand for a more accurate 
instrument of measurement, a demand 
for specification of the point on the side 
of the desk from which the measurement 
is to be made, and the like. I insist, 
however, on the original problem—mea¬ 
suring the length of the desk with the 
yardstick, and this time I shall be sur¬ 
prised if any two measurements agree. 
Even if the task be made more specific 
and a finer instrument be supplied, all 
I need to do to prove my point is to re¬ 
duce the size of the unit on which I de¬ 
mand agreement. A light-year is the 
yardstick of celestial measurement, yet 
no astronomer knows precisely the 
velocity of light. Atomic weights are 
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basic units in chemical analysis, yet no 
chemist knows the precise value of a 
single one. 

When, now, one turns from the field 
of physical measurement to that of men¬ 
tal measurement, the fundamental prin¬ 
ciples are found to be the same. Early 
skepticism in regard to the possibility of 
mental measurement probably grew out 
of the belief that it is ridiculous to think 
of laying a yardstick on an individual’s 
stream of consciousness or on his psychic 
states. It is ridiculous. Modern educa¬ 
tional and psychological investigators 
have no such preposterous purpose as 
measuring states in the stream of con¬ 
sciousness. Many of them have even 
discarded the notion of a subcutaneous 
mind—whether in the form of a soul in 
the pineal gland or of sensory ghosts in 
the brain cells. 

The chief function of all education is 
direction of the learning process. Learn¬ 
ing therefore becomes the first topic of 
interest to educators. Can learning be 
measured? Certainly. It is something 
that is directly observable and can be 
measured as simply as the reactions of 
people can be measured, for it is a 
change in reaction, a modification of the 
behavior of an individual. The real test 
of learning is the acquisition of a selec¬ 
tive reaction to an object or stimulus. 
One merely presents a stimulus to a 
pupil and notes whether or not the de¬ 
sired specific reaction is made. This is 
the methodology of modern educational 
tests and can be illustrated by the fol¬ 
lowing items clipped from a standard 
test on knowledge of literature: 

75 “Lead, Kindly Light 1 ’ was written by 
Carlyle Cardinal Newman Phillips Brooks 

76 “Captains Courageous” is about 

Ben (Hum Disks Troop John Silver 

77 1 * Flow Gently, Sweet Afton 9 * was written by 
Burns Keats Tennyson 

78 “The Ancient Mariner 1 f was written by 

Browning Coleridge Longfellow 

79 “Annabel Lee” was written by 
Poe Longfellow Wordsworth 


The test item in each case is the stim¬ 
ulus, to which the pupil reacts selec¬ 
tively by underlining the name of the 
author or character that makes the 
sentence true. The stimulus may be a 
real object, but it is usually a verbal 
substitute therefor. By this technique 
there would be no special difficulty in 
measuring the degree of acquaintance of 
the reader with authors and characters 
or in finding out how much he has 
learned regarding them during a given 
period. In the latter case two tests of 
equal difficulty covering the field and 
separated by the desired interval are 
used. These are called duplicate tests. 

The technique of educational and psy¬ 
chological measurement is objective 
enough to satisfy the most rigorous de¬ 
mands of the most ardent behaviorist. 
The modern tester may not deny that 
psychic states exist, but so far as he is 
concerned they might well be non-exis¬ 
tent, for he has no commerce with them. 
A standard educational or psychological 
test is nothing more than a series of 
stimuli. The stimuli are objective in the 
strictest sense—their existence is verifi¬ 
able by another observer. The pupil’s 
reactions to the stimuli are objectively 
recorded. Usually they are recorded in 
pencil by the pupil himself on a test 
sheet. His score on the test is simply a 
summarization of the reactions. 

Tests of this character measure di¬ 
rectly, then, the objectively observable 
reactions of pupils. More specifically 
they measure qualities of reactions. The 
qualities most commonly measured are 
accuracy and rate. Standardized tests 
are now available for the measurement 
of accuracy and rate of reaction in many 
areas of instruction, including reading 
and handwriting, spelling and computa¬ 
tion, vocabulary development and prob¬ 
lem solving. Accuracy and rate, like 
any other qualities, are measured in 
amount. If a pupil responds correctly 
to 75 out of 80 items in the word-mean¬ 
ing section of the New Stanford 
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Achievement Test, his percentage of ac¬ 
curacy is clearly 94. His rate is mea¬ 
sured by a stop-watch. 

In this manner many types of mental 
content and activity can be measured. 
When and if all types are measured, 
mind will be measured, for, so far as we 
know, a mind and its activity are noth¬ 
ing more than a manifold of terms in 
certain relationships. We can discover 
what one knows about banking or for¬ 
eign exchange, Latin or the tariff, and 
we can discover how accurately one can 
put two and two together in these fields. 
All that is necessary is the presentation 
of a sufficiently large number of repre¬ 
sentative problems and items of infor¬ 
mation. This is a matter of random 
sampling, as is all such testing. From 
the significant material in the field one 
selects items in sufficient number to 
yield an accuracy score approximately 
equal to that which would have been ob¬ 
tained if all the items in the field had 
been presented. 

For the success of this plan it is obvi¬ 
ous that two things are needful: First, 
knowledge of the most important content 
in the field in which the testing is to be 
done and, second, the proper sampling 
of the content. Few people outside the 
teaching profession are aware of the 
vast amount of detailed objective work 
that has been done to discover the im¬ 
portant materials in various subjects of 
study. Take spelling, for example. 
Consider first that the demand for 
spelling arises in life when one is at¬ 
tempting to express one’s thought in 
written form. The central aim in the 
teaching of spelling, therefore, is to en¬ 
able the individual to write correctly 
the words that are needed in his written 
discourse. Can these words be discov¬ 
ered 1 They have been discovered. They 
have been discovered by tabulating all 
the different words found in the written 
work of thousands of children and 
adults. Millions of running words 


have been thus tabulated from the 
themes and letters of children, and from 
the business and friendship letters of 
adults, with the frequency of occurrence 
of each word. The results have been 
nothing short of a godsend to the mil¬ 
lions of boys and girls in the public 
schools, for whereas pupils were for¬ 
merly required to learn the spelling of 
as many as 12,000 to 15,000 different 
words, to-day, where schools are scien¬ 
tifically organized, the number of words 
in the elementary grades has been re¬ 
duced to about 4,000. The reduction 
was made possible because it was found 
that if one learns to spell no more than 
the 500 words of highest frequency in 
the 4,000, he will be able to spell 82 per 
cent, of all the running words used by 
ordinary adults, and if he learns to spell 
the whole 4,000, he will be able to spell 
correctly nearly 99 per cent. Within 
the range of a reasonably small probable 
error, the words that children should be 
taught to spell are known. And with 
this first problem solved, the second re¬ 
quirement becomes nothing more than a 
mechanical procedure. The only serious 
question relates to the size of the ran¬ 
dom sample, and statistical studies show 
that for a sufficiently reliable measure¬ 
ment of an individual pupil on a year’s 
work in spelling, a test containing at 
least 50 words is necessary. 

Now a word in regard to accuracy of 
measurement. This is an extremely im¬ 
portant question, for it has even led 
some of our educators to abandon hope 
and exhibit all the earmarks of an infe¬ 
riority complex. Such self-abasement 
might be more unbecoming in a drum 
major, but it would not be more unneces¬ 
sary. In education and psychology we 
not only measure quantitatively the 
quality of objectively observable events, 
but like the physical scientist and by the 
same method we determine the reliabil¬ 
ity of the measurements. This is done 
by the computation of the probable er* 
ror of measurement, a relatively simple 
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statistical process well known to workers 
in science. 

For the best tests in school subjects 
the probable error of a pupil's score 
from a single competent measurement 
has been reduced to 2 points on a 100- 
point scale. This error is still very large 
in comparison with the probable error 
of physical measurements, but its size is 
no reflection on educators. Greater ac¬ 
curacy of measurement is in general 
possible in physical than in biological or 
psychological science, primarily because 
of difference in material measured. 
There are two outstanding conditions 
that interfere with accuracy of measure¬ 
ment—variability of the matter and 
variability of the manner, and in men¬ 
tal measurement the first is the worst 
offender. A block of material on the 
frame of a ten-story building has a re¬ 
markable consistency of behavior com¬ 
pared with the block on the frame of a 
ten-year- old boy. The size of the prob¬ 
able error is due much less to the wob¬ 
bling of the tester than to the wobbling 
of the testee. In any case a measure¬ 
ment must always be as wobbly as that 
which is measured. Now if a boy ob¬ 
tains a score of 67, with a probable error 
of 2, just how variable is such a score? 
A score of 67 dt 2 means that if he were 
measured an indefinitely large number 
of times by competent testers, half of 
the scores would be between 67-2 and 
67 + 2, or between 65 and 69. In other 
words, there is a fifty-fifty chance that 
the boy's true score will not vary from 
67 more than 2 points either way. This 
degree of accuracy in educational mea¬ 
surement has become possible only since 
1910, when the conception of the stand¬ 
ardized educational test and the method 


of constructing an educational scale 
were made known. 

Educational measurement is still in 
its early infancy. A quarter of a cen¬ 
tury is but a day in the life of such a 
development. Yet in spite of its youth 
it already has a clear grasp of the prin¬ 
ciples underlying its program and faces 
its future as well as its critics without 
apology for its existence. 

Educators can be classified into three 
fairly well-defined groups: (1) the tra¬ 
ditional, (2) the scientific and (3) the 
philosophical. This is a conservative- 
liberal classification and is made in 
terms of the most important dimension 
of social leadership and social institu¬ 
tions. The traditional group represents 
extreme conservatism and is primarily 
interested in the preservation of the 
status quo. The scientific group is con¬ 
servatively progressive, and the philo¬ 
sophical group, known more commonly 
as the * ‘progressive" school, harbors the 
radicals of the profession. Our critic 
castigates the radical and scientific 
groups, then fervently prays for an edu¬ 
cational holiday. “I suggest," he says, 
“that educators take themselves at 
whatever point they now find them¬ 
selves, resolving only to do well that 
which they are now doing." Thus he 
turns to rugged traditionalism as a 
means, one surmises, of placing educa¬ 
tion on a Guggenheim foundation. 
Why not try to put it on a scientific 
foundation ? This would solve the prob¬ 
lem for one who desires to escape the 
stagnation of traditionalism on the one 
hand and the uncertainties of radicalism 
on the other. For such a one the edu¬ 
cational slogan would be, As progressive 
as science. 
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It is alleged that one of those dubbed 
u brain trusters’’ has asked what part of 
the body can be trusted better than the 
brain. The difficulty is that some of those 
in the saddles at Washington tend to 
trust the heart rather than the brain. 
To a professional psychologist, who is an 
amateur economist, it seems that the 
President is a better practical psycholo¬ 
gist than he, a more amateur economist. 
A scientific approach to the emotional 
side of economic problems is not easy. 

Laplace, the great French mathema¬ 
tician, proposed an equation to the effect 
that the fortune morale is equal to the 
logarithm of the fortune physique. A 
corresponding psychological formula was 
later developed by Weber and Fechner, 
stating that the intensity of sensation in¬ 
creases as the logarithm of the stimulus. 

If, for example, a room is lit by one 
candle, an additional candle greatly in¬ 
creases its illumination; if it is lit by 100 
candles, an additional candle makes a 
difference that can scarcely be seen; if 
it is lit by a thousand candles, an addi¬ 
tional candle makes no perceptible dif¬ 
ference. If the difference in weight be¬ 
tween 10 and 11 ounces is just percep¬ 
tible, there is no noticeable difference be¬ 
tween 10 pounds and 10 pounds and one 
ounce; the difference must be a pound— 
16 ounces, one tenth of the magnitude— 
in order that it may be perceived. As 
the result of many thousands of experi¬ 
ments the present writer has concluded 
that the just perceptible difference in¬ 
creases more nearly as the square root of 
the stimulus than as its logarithm, but 


that is irrelevant to the present argu¬ 
ment. 1 

The analogous social and economic 
situation, stated long ago by Laplace’s 
equation, is that the value of money to 
the individual is proportional to the 
logarithm of its amount. One dollar’s 
increase or decrease in income for a man 
earning $1,000 a year is about as signifi¬ 
cant as $10 for a man with an income of 
$10,000, or $100 for an income of $100,- 
000. So long as the satisfaction pur¬ 
chased by money increases more slowly 
than the amount, whether the relation is 
logarithmic as Laplace proposed, or more 
nearly as the square root as the present 
writer holds, the important conclusion 
follows that expenditure of money would 
tend to purchase the greatest satisfac¬ 
tion if the incomes of all were equal. If 
this scientific deduction has been made 
hitherto it has not received attention. 

Weber’s psychological law is subject 
to many qualifications due to special con¬ 
ditions; the same is true of Laplace’s 
economic law. The scientific man should 
be allowed as much money as he can use 
to advantage for books and apparatus; if 

1 Most people imagine that as a penny is 
tossed there will be an increasing likelihood of 
an equal number of heads and tails. A dis¬ 
tinguished biologist once bet an article for The 
Scientific Monthly against $100 that there 
would be a smaller disparity between heads 
and tails with 10,000 throws than with the first 
1,000. He threw coins 10,000 times—and won! 
But he would not now repeat this bet. As a 
matter of fact the disparity tends to increase 
as the square root of the number of throws; 
this is what might be expected in psychology 
or economics when we are concerned with a 
large number of small causes equally likely to 
be positive or negative. 
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a Beethoven even imagines that he com¬ 
poses better with champagne than with 
beer, he should have the champagne; 
those engaged in disagreeable or danger¬ 
ous trades should be paid more than the 
average. The ideal should be: From 
each according to his ability; to each ac¬ 
cording to his needs. 

It is possible to be a radical in ends, 
an opportunist in methods; a socialist in 
economics, an anarchist as to thought 
and behavior. It does not follow from 
Laplace’s equation or from the applica¬ 
tion of common sense to economics that 
wealth can or should be distributed 
equally to-morrow, or necessarily at any 
time. Competition for money may be 
necessary to assure the best work of 
which a man is capable. The accumula¬ 
tion of wealth in private hands should 
continue until public agencies learn to 
conduct business efficiently and to give 
adequate support to education, scientific 
research, art and the like. 

While it may be that wealth can not 
now and probably never should be dis¬ 
tributed equally, a useful lesson may be 
learned from considering what would 
happen if it were. If the income of the 
country were equally divided among all, 
each would now have to spehd, after de¬ 
ducting direct and indirect taxes and 
allowing a small margin for saving, less 
than $400 a year. In full prosperity it 
may have been $600. With better or¬ 
ganization of industry and further ap¬ 
plications of science it may become 
$1,000, perhaps $2,000, ultimately even 
more. At present, however, there is at 
most $400 for each of us, and while the 
dollar is still worth 100 cents, it will 
tend to become worth 60 pre-Roose- 
veltian cents. 

It may be that in a period of depres¬ 
sion work should be shared with the un¬ 
employed by prescribing a short day’s 
work, though this is doubtful. As a 
permanent policy it would be disastrous. 
Before the industrial revolution most 


men, women and children worked twelve 
or more hours a day and got black bread, 
hovels and lice; people died at the aver¬ 
age age of thirty years or earlier. Now, 
thanks to the applications of science 
and the better organization of society, 
child labor has become intolerable; eight 
hours of work for six days a week will 
provide the necessities and many of the 
comforts of life. The average length of 
life has been more than doubled. 

Thirty hours of work a week will to¬ 
day supply the necessities of life, but 
not the comforts. The hours should not 
be longer than is compatible with the 
health, happiness and efficiency of the 
worker, but it seems that he should be 
permitted to work thirty hours a week 
and live meagerly, or forty-five hours 
and have 50 per cent, more money, which 
could be used for bathtubs, telephones, 
radios, cars and children. 

It is said that when a New York City 
magnate was asked whether he got most 
gratification from his steam yacht or pri¬ 
vate railway car, he replied that he did 
not see how any one could get on with¬ 
out either. If this represents the good 
will of the magnate to the wage earner, 
it is commendable; but, apart from 
yachts, it is obvious that on an annual 
income of $400 per person every one can 
not visit the National Parks in his own 
car. 

The present writer is a code authority, 
also a member of one of the trade unions 
of the American Federation of Labor. 
In the industries with which he is con¬ 
cerned—publishing and printing—the 
40-hour week has been maintained in the 
interest of the industry and of the work¬ 
ers. In other industries the unions want 
to decrease hours and increase wages. 
About half the people of the country 
should be productive workers; the other 
half are dependents. This means that 
an average of not more than $800 a year 
is available for each worker. 

So long as many tens of thousands of 
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men and women have annual incomes, 
earned or unearned, of from ten thou¬ 
sand to more than a million dollars, it 
is obvious that each worker must on 
the average be content with an income 
smaller than eight hundred dollars a 
year. If he wants an income larger than 
$16 a week, he can get it only by taking 
it from those with larger incomes, which 
is difficult and would not go so very far 
if distributed among sixty million peo¬ 
ple; or, which is not so difficult, take it 
from those who have even less than he. 

Although it is more than his share, it 
is reasonable at present for a worker to 
try to obtain $16 a week if he works 40 
hours, $12 if he works 30 hours. If 
there is complete recovery and a better 
organization of industry he can look for¬ 
ward to earning $32 or $24. These 
wages can be materially increased only 
by increasing production through new 
advances in technology or more efficient 
management and work. The worker is 
within his rights in trying to get all he 
can from capital and management, but 
the way by which he can increase wages 
for all under existing conditions is not 
by strikes or walkouts, but by coopera¬ 
ting with capital and management in in¬ 
creasing production. 

There is overproduction in some direc¬ 
tions—for example, in wheat and cotton, 
in wood-pulp magazines and sex movies 
—but there can not be overproduction 
as a whole. Owing to bad adjustment to 
a changing social and economic order, 
there is an appalling amount of under¬ 
consumption. There are about as many 
automobiles in the country as there are 
children; it costs about as much to buy 
a car or to keep it for a year, as it does 
to get a child or keep it for a year—ac¬ 
cording to the wealth of the individual, 
say $100 to $10,000 for each of the four 
objects. There has been overproduction 
of cars and underproduction of chil¬ 
dren ; the available income of the coun¬ 
try does not suffice for both. Children 


are worth more than cars, if only be¬ 
cause they grow up to be productive 
workers worth $20,000 each, while cars 
wear out. Children should be paid for 
by the state, perhaps from a 100 per 
cent, tax on cars. 

Problems should be solved by scientific 
method; ends can only be attained by 
emotional appeal. Verses are conse¬ 
quently here quoted. These two stanzas 
are by Edward Tregear, a New Zealand 
poet: 

Peril is here! is here! Here in the Childless 
Land 

Life sits high in the Chair of Fools, twisting 
her ropes of sand; 

Here the lisping of babies and cooing of 
mothers cease; 

Here the Man and the Woman fail, and only 
the flocks increase. 

Axes may bite in the forest, Science harness 
the streams, 

Railway and dock be builded—all in a Land of 
Dreams! 

Sunk in spiritual torpor ye flout those words of 
the wise 

“Only to music of children's songs shall the 
walls of a Nation rise." 

A similar emotional appeal is made in 
the following verses in the form of a 
sonnet: 

Knowledge may multiply and wealth increase; 
Science may drive his chariot through the 
skies, 

And scatter trophies of his enterprise, 

Into the laps of all with no surcease. 

Men may be bred to luxury and ease, 
Unmindful of the labors of their past; 

War, pestilence and famine may at last 
To peace, long years and plenty sign release. 

But what of that, when children fail the land; 
When unnursed women walk the market place, 
More shameless than their sisters of the 
dark, 

For all their husbands' names: These with 
the mark 

Of Onan's tribe. Where is the infant hand, 
Whose touch alone can heal a dying racef 

The abolition of child labor, a mini' 
mum wage and collective bargaining are 
admirable ends; but they.should be at- 
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tained by pressure of public opinion on 
the Congress, not by fascist decrees and 
NBA boycotts. Executive decrees, even 
more than acts of the Congress, may run 
wild. 

When the depression has been caused 
largely by overborrowing, it is not likely 
that it can be cured by more borrowing 
by federal, state and municipal govern¬ 
ments. When prices fall through lack 
of purchasing power, purchases are not 
likely to be increased by higher prices. 
Inflation wipes out debts, savings-bank 
deposits, life insurance policies, etc., and 
reduces the purchasing power of wages 
and salaries. Any stimulation that it 
gives is about as effective as a drink of 
whiskey. 

To “regulate the value” of money is 
among the powers granted to the Con¬ 
gress by the Constitution, but to do so 
by artificial measures is probably un¬ 
wise. It is dishonorable for a govern¬ 
ment to break engagements that it can 
keep. Germany and Prance were forced 
to repudiate debts by hard necessity^ 
Great Britain did so to a lesser extent 
because it had no gold and hoped to get 
it by reducing real wages and increasing 
exports. We decreased the value of the 
dollar when we had idle and useless gold 
worth billions of dollars. 

This action of Great Britain and the 
United States was lawful; as a matter of 
policy it is arguable on both sides. It 
is, however, distressing to those bred in 
the Anglo-Saxon tradition of commer¬ 
cial good faith. It is not a matter of 
policy but of morals for the government 
to keep its word; when it refuses to 
redeem gold certificates with the amount 


of gold promised and makes the owner¬ 
ship of these certificates a crime, it can 
only be said that the government in 
creating a crime has committed a crime. 

Economics has been called the dismal 
science; now amateur economies seems 
to be an exciting adventure. Try fake 
remedies and stop them when they don’t 
work—if you can. We are in the midst 
of an agricultural revolution correspond¬ 
ing to the industrial revolution of a 
hundred and fifty years ago. Then the 
weavers in the cottages were gathered 
into factories; England has since sup¬ 
plied the world with cotton goods. 
Thanks to the applications of science 
wheat can now be raised profitably 
under proper conditions for forty cents 
a bushel. Pity the poor farmer, cer¬ 
tainly; but the lot of his grandchildren 
will not be bettered by killing pigs and 
plowing cotton under. When the price 
of wheat is put up to over a dollar a 
bushel, a sales tax of 100 per cent, is im¬ 
posed on bread, which exacts tribute 
from those least able to pay it. 

What then would scientific method do 
if applied to the present economic and 
social situation ? Science is common 
sense carried to the limit of human 
ability. The proper course for a nation 
to follow in a time of depression is pre¬ 
sumably what a man should do when 
hard up as a result of extravagance, bor¬ 
rowing and neglect of his business. If 
he is a decent man he will work hard 
and long, live frugally, avoid waste, im¬ 
prove his business methods, pay his 
debts, accept charity only as a last re¬ 
sort. Men, organized in government, 
should do the same. 
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Among the few statements that the 
scientist who studies human beings may 
make without fear of serious contradic¬ 
tion is that human groups do not meet 
but that they mingle their blood-streams. 
Whether in the Far East, where Euro¬ 
peans and Orientals have merged to 
form the great Eurasian populations 
found there to-day, or in north Africa, 
where folk of Negroid and Caucasoid de¬ 
rivation live, or i~ Yucatan, where the 
descendants of crosses between Span¬ 
iards and Maya Indians are found, evi¬ 
dences of mixture are to be discerned. 

Nor is this something recent, for cross¬ 
ing has been going on for countless ages. 
Indeed, the matter becomes the more im¬ 
pressive when it is realized that no mat¬ 
ter how rigidly restrictions against 
crossing are set up, they do not seem to 
be of any avail. The stigma that was 
attached to one called ‘‘squaw man” in 
the days of the American frontier—that 
is, to the white who mated with an In¬ 
dian—was expressed in social ostracism; 
in India, eternal punishment is believed 
to await a person of caste not only for 
mating with an outcaste, but for even so 
much as touching one. 

Yet attitudes and beliefs of this kind 
have not proved strong enough to pre¬ 
vent mating across any line that society 
may draw. Though death and torture 
have been decreed as penalties for for¬ 
bidden contact, especially where two 
groups marked with strikingly different 
physical characteristics and representing 
different strata in the population have 
been involved, there is no record to 
justify the conclusion that even the most 


extreme measures have had any great 
effect in prohibiting racial mixture. 

This means, then, that all human 
groups living to-day are of more or less 
mixed ancestry, that no “pare” race 
may be said to exist. Yet we must 
recognize the fact that some crosses have 
occurred between peoples of more dis¬ 
similar physical characteristics than has 
been the case with other mixtures, and 
that it is in the former instances that 
the term * * race-crossing ’ ’ is properly 
applied. 

Since we have the subject of race¬ 
crossing under consideration, we must 
attempt a working definition of the word 
“race” before we proceed further. 
There are many implications of the term 
that we can not touch upon here, and the 
word has been sadly misused; but the 
anthropologist usually employs it to 
mean the three major divisions of man¬ 
kind, called Negroid, Mongoloid and 
Caucasoid. Furthermore, in scientific 
usage, it signifies with few exceptions 
only the physical traits that are dis¬ 
tinctive of these respective groups. 

Scientifically speaking, therefore, race¬ 
crossing is crossing such as we have ex¬ 
perienced here in America, that has 
produced the considerable section of our 
population we term Negro, but which is 
in reality a mixture between African 
Negroids, European Caucasoids and, to 
a much larger extent than is ordinarily 
thought to be the case, Mongoloid Amer¬ 
ican Indians. The term may also be ap¬ 
plied with propriety to such other groups 
as the mixed Maya Indian-Spanish peo¬ 
ple of Yucatan who have already been 
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mentioned, to the Bastaard folk of South 
Africa whose ancestry is derived from 
Boers and Hottentots, and to the Dutch- 
Indonesian population of the Island of 
Kisar in the East Indies, where Euro¬ 
pean soldiers long ago mated with native 
women. In this category must also be 
placed the descendants of the British 
sailors who were involved in that ro¬ 
mantic episode of the early history of 
the South Seas, the mutineers of the 
Bounty , who took Polynesian women as 
wives. 

In such populations, descended from 
ancestors having the most dissimilar 
physical traits, the student of human 
heredity finds the most fertile field for 
his research. For it is in the nature of 
the study of any aspect of human biol¬ 
ogy, but especially true of genetic stud¬ 
ies, that the practical difficulties in the 
way of obtaining adequate material 
present the most serious stumbling-block 
the student must face. Obviously, it is 
not possible to segregate and breed 
human beings in the manner in which 
fruit-flies or guinea-pigs or white rats 
are segregated and bred; we who would 
study human heredity must take the 
wide world as our laboratory, and our 
“experiments” can not be set up by 
ourselves and repeated at will, but must 
be those set up for us by history. His¬ 
torical contacts such as have resulted 
from the invasion of North Africa by 
the barbarians in Roman times or the 
expansion of European imperialism in 
the seventeenth century or the African 
slave-trade of the eighteenth and early 
nineteenth centuries have made race¬ 
crossing possible on a scale that allows 
profitable research into the questions of 
human heredity. 

Another difficulty faces us, however, 
even when the historic development of a 
people has made of them an example of 
racial crossing of the type available for 
study. Geneticists, in their laboratories, 
work with rapid-breeding forms which, 
in addition to reproducing often, give 


birth to large numbers of offspring. 
Man, however, is not only a slow-breed¬ 
ing animal—as long-lived, indeed, as the 
student of man—but the number of off¬ 
spring produced by any given mating 
is so small as to be almost useless for 
purposes of mass studies. In surmount¬ 
ing this second obstacle, the technique 
to which we have recourse is a statistical 
technique. Instead of studying a quick¬ 
breeding animal which reproduces great 
numbers of offspring, we obtain mea¬ 
surements and observations on large 
numbers of families—parents and chil¬ 
dren—and thus match in the numerical 
breadth of our data the depth in genera¬ 
tions of the data available to the animal 
geneticist. 

With a racially mixed population 
available for study and facilities for 
studying them at hand, the anthropolo¬ 
gist makes his measurements. These 
may include any number of the traits 
that distinguish one race from the other, 
one individual from the next. One may 
record the time-hallowed head-measure¬ 
ments or may study unusual dimensions 
such as the length of the middle finger. 
In the main, in studies of this type, the 
traits that are measured depend upon 
the characteristics in which the two 
parental stocks are most different. 
Thus, in an investigation of the results 
of crossing short-headed French with 
long-headed Indians, the shape of the 
head would be an important trait; if the 
cross were between long-headed British¬ 
ers and long-headed West Africans, the 
shape of the head would be of relatively 
small significance. In this latter case, 
it would be much more important to 
study what had happened to the thick¬ 
ness of the lips or to the width of the 
nostrils or to the different bodily pro¬ 
portions which characterize the two 
parental types. 

Practically every study of a racially 
mixed population that has been made in 
the past decade has been concerned with 
the problem of the extent to which 
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operation of the rules of Mendelian 
heredity can be discerned in the off¬ 
spring of human matings. While these 
rules of heredity have been established 
for practically all animals and plants 
whose genetic composition has been 
studied, the attempts to find the ex¬ 
pected results in human offspring have 
brought us to no definite conclusion. 

Does this mean, then, that humanity 
represents a special biological type, ex¬ 
empted from the operation of the prin¬ 
ciples of heredity that apply to other 
forms? The answer to this question 
must be a decided negative. It is be¬ 
cause the practical difficulties in the way 
of obtaining properly controlled mate¬ 
rial and of studying human families 
through succeeding generations are so 
great that our information is frag¬ 
mentary, and doe^ not allow us to give 
satisfactory answers. 

There is a further reason why it is 
difficult to answer the questions that are 
raised concerning Mendelian inheritance 
in man. In all branches of science, 
problems that at first seem simple be¬ 
come unbelievably complicated with pro¬ 
longed investigation. This has been the 
experience of those who have studied the 
Mendelian inheritance of physical traits 
in lower, rapidly breeding forms; the 
carriers of the unit-traits have been 
found to be more and more complex in 
their structure, so that to-day instead of 
the chromosome, we regard the gene as 
the carrier of inherited characteristics, 
and it is the nature of the inner struc¬ 
ture of the gene that is being made the 
object of research by many geneticists. 

Therefore, when one asks the ques¬ 
tion, “Does Mendelian heredity apply to 
man?” the answer must be couched in 
the form of another query: “Is simple 
Mendelian heredity meant, or is it the 
complex type of multiple Mendelianism 
of which the geneticist speaks at the 
present time?” 

To this rephrasing of the original 
question, the answer is clear: Simple 


Mendelian heredity is no more apparent 
in man than in the lower forms, where it 
appears rarely, if ever; multiple Men¬ 
delian heredity has not been found in 
man for the reason that we have as yet 
no adequate technique of studying such 
complicated problems. It must again be 
stressed that we do not deny the opera¬ 
tion of any form of heredity in man that 
can be established for the animals; it is 
when it comes to scientific proof that 
faith in the truth of such a statement 
must remain in the realm of faith. 

What, then, do we know of the proc¬ 
esses of human heredity as these are in¬ 
dicated in the study of mixed population 
groups? For one thing, the study of 
these groups shows us how it can come 
about that a people originally derived 
from different races may, over a period 
of time, give the appearance of what is 
called a “pure line.” Obviously, it 
takes many generations to produce such 
unity of type in a mixed population. 
The general principle, however, that 
would seem to come out of the studies on 
peoples of racially mixed origin is that 
no matter how diverse the ancestral 
stocks from which a given people are 
descended, if there has been enough in- 
breeding after the initial period of cross¬ 
ing the families come to be like one 
another, and after a sufficient number 
of generations, such a people.comprises 
many individuals who resemble each 
other to a striking degree. 

This is true of the Pitcairn Islanders, 
who, descended from the mutineers of 
the Bounty and native Polynesian 
women, have lived in such isolation that 
the present generation represents a 
type neither European nor Polynesian, 
but a homogeneous combination of the 
characteristics of both races. The same, 
to varying degree, is true of the other 
mixed groups that have been studied, 
and when we express this in statistical 
terms, as we must, we say that a people 
who are homogeneous possess low varia¬ 
bility. Relatively low variability char- 
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acterizes the Boer-Hottentot crosses of 
South Africa and the Mestisos of Kisar, 
while one of the most striking examples 
of this is found among the American 
Negroes. Here, because of social rather 
than geographical isolation, the varia¬ 
bility of American Negroes in numerous 
physical traits, if compared with that of 
the general white population, is found 
to be lower than is the case with the 
whites. 

In terms of the principles of heredity, 
this would seem to make less valid the 
concept of the ‘ 4 throw-back ” that has 
occupied such a large place in our think¬ 
ing on the subject. There seems to be 
some principle at work—call it multiple 
Mendelianism if you wish—that causes 
the members of these mixed populations 
to merge the characteristics of both 
parental types, so that somewhere be¬ 
tween the ancestral extremes a combina¬ 
tion of those types is achieved. While 
it is true that the limits between which 
the physical traits of a given person may 
conceivably vary are set by his total an¬ 
cestry, the mathematical chances of his 
having any but the traits of relatively 
recent forebears seems to be so small as 
to be negligible. This is why the 
4 ‘throw-back” is heard of more in litera¬ 
ture than in life, and why it is possible 
to combine people of tw.o extremely dif¬ 
ferent races into a homogeneous folk. 

This conclusiQn, which is so strikingly 
different from generally accepted belief, 
is not without practical significance. 
Though instances might be given from 
almost any crossed population to make 
the point, an example may be chosen 
which is of peculiar interest to us in this 
country. I refer here to the deep-seated 
tradition that holds over the head of a 
person having any degree of Negro an¬ 
cestry, be it even so small as one thirty- 
second or one sixty-fourth, the threat of 
having a.“black baby” as offspring. We 
all know of the plays and the novels that 
have been written on this theme, we have 
all read newspaper accounts, or heard of 


instances where this is said to have oc¬ 
curred. Yet the scientist, when he seeks 
proof in the face of so many reported 
births of “black babies,” finds verifica¬ 
tion strangely difficult. 

What light does the study of Negro- 
white crossing throw on the matter ? In 
the course of some research carried on a 
few years ago, we took readings of the 
skin-color of large numbers of American 
Negroes and their children. When the 
figures were in, it became apparent that 
the average skin-color of all the children 
was about the same as the average color 
of the parents of those children. As a 
next step in analyzing the data, the read¬ 
ings for skin-color of the individual mem¬ 
bers of the numerous families in the 
series were inspected one by one. And 
we found that in none of those families 
was the lightest child significantly 
lighter in color than his lighter-colored 
parent; in none of them was a child sig¬ 
nificantly darker than his darker parent. 

The meaning of this, in terms of the 
tales of “black babies” born to seem¬ 
ingly white parents, is clear; it means 
that there is no foundation for such 
stories. Every tale of this kind which, 
to my knowledge, has been traced to its 
source has resulted in the discovery that 
there is not only the possibility, but 
often the strong probability, of more 
Negroid parentage of the “black” child 
than would be assumed on the face of 
the report. All scientific evidence goes 
to indicate that even where both parents 
have a slight degree of Negroid ancestry, 
the chance of the appearance of such a 
child is highly remote. True, the child 
might possess slightly crinkled hair, but 
who has npt seen persons of unmixed 
European descent with such hairt Or 
his skin might be of the color we call 
“swarthy,” or his lips be those we term 
“full” in contour. But for the child to 
be Negroid in the sense that a person of 
one half or even one quarter Negro an¬ 
cestry is African-like, approaches the 
impossible when the parents are so 
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nearly white as they are in the cases 
that are cited. 

There are, however, other problems 
than those of the “throw-back” and of 
Mendelian heredity in man which may 
be studied in racially mixed groups. 
What of the claims that race-crossing 
leads to a loss of vitality, to degeneracy ? 
Or, on the other hand, that mixture gives 
new vigor to the offspring? There is not 
enough scientific evidence to support 
either position; in the main, it appears 
that it is the ancestral stuff that has gone 
into a person, rather than the racial 
types from which he has descended, that 
makes him what he is, and the same 
would appear to hold true for entire 
peoples. 

Two of the most mixed groups that 
have been studied show no lack of vital¬ 
ity, for the average number of offspring 


of a Bastaard mating is 7.7 children, 
while among the Pitcairn Islanders there 
are persons who have attained the ages 
of 73, 87 and 95. It would be as well to 
argue that the present condition of the 
racially pure Tennessee and Kentucky 
mountaineers is due to the absence of 
crossing, as some have actually main¬ 
tained, as to argue that racial mixture, 
as such, has caused the lowly state in 
which many mixed populations are 
found. 

That race-crossing, then, does not of 
itself make for either good or evil results 
in the offspring would seem to be a ten¬ 
able conclusion. For the student of 
human heredity, the value of racially 
mixed peoples lies in the fact that from 
the study of such groups the story of the 
processes of human heredity will even¬ 
tually be wrested. 


BEE BEHAVIOR 

By JAS. I. HAMBLETON 

SEN IOU APICULTURIBT, BUREAU OF ENTOMOLOGY AND PLANT QUARANTINE, U. 8. DEPARTMENT OF 

AGRICULTURE 


The honey-bee is often referred to as 
a domesticated bee, and is thus placed in 
a class with our domesticated farm ani¬ 
mals. The truth of the matter is that 
the honey-bee is far from being domesti¬ 
cated. Apparently it is as wild to-day 
as it was centuries ago, and this in spite 
of the fact that man and bees have been 
closely associated since the dawn of his¬ 
tory. Other wild animals that our early 
ancestors sought to tame and domesti¬ 
cate have yielded to man’s influence, 
and many of them in turn are now as 
dependent upon man as man is upon 
them. The honey-bee, however, shows 
no change as the result of its long asso¬ 
ciation with the human race. 

There are no domesticated bees. The 
bees that inhabit picturesque country¬ 
side apiaries are as wild as the bees 
found in a bee-tree in the densest part 


of an isolated forest. Bees taken from 
a bee-tree and placed in a modem hive 
are at once just as much at home as if 
they had always lived there, and vice 
versa. If a swarm of bees departs from 
a modern apiary and seeks its abode in 
some hollow tree, it is able to fare as well 
as any of its ancestors that knew no 
habitation other than hollow trees and 
caves. 

Before explaining why the bee has not 
been tamed or domesticated, I must tell 
you something about the make-up of a 
colony. Ordinarily a colony consists of 
from 30,000 to 80,000 individuals. Of 
this number several hundred may be 
drones or male bees. The drones are 
unable to gather their own food and, 
having no sting, they can not defend 
their homes. Their only function in life 
is that of mating, and, incidentally, the 
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drone dies immediately afterwards, a 
sacrifice to perpetuate the race. Head¬ 
ing the colony is one queen, who likewise 
has but one function, that of egg-laying. 
After a queen mates with a drone, she 
returns to the hive and never again 
leaves it except at swarming time. She 
has no responsibility other than egg- 
laying, and this she does quite well, being 
able to lay as many as fifteen hundred 
eggs a day and to keep this up for days 
at a time. After laying the eggs she 
gives no further thought to her growing 
family. The queen takes no part in 
feeding the young and never once goes 
to the field in search of nectar or pollen. 
The remainder, and most numerous 
part, of the colony is made up of worker 
bees. These are females who lack the 
power of reproduction but have assumed 
all other maternal instincts. They feed 
the queen mother and their worthless 
brother drones; they take care of the 
young; they keep the hive spotlessly 
clean; they secrete the wax with which 
to build comb; they toil ceaselessly in the 
fields in search of pollen and nectar. 
When gathering nectar and pollen, 
these worker bees perform an inesti¬ 
mable service to mankind, for our or¬ 
chards would bear little fruit were the 
honey-bees not on hand to cross-pollinate 
the blossoms. In addition, the duty of 
defending the hive falls to the lot of 
these daughter bees, and this, as we all 
know, they can do quite expertly, since 
each is armed with a sting sharper than 
the finest needle. 

To go back to our reasons why the bee 
has not become domesticated. The queen 
and the drone are the only individuals 
in the colony that have the power of re¬ 
production, but neither has any contact 
with the outside world. Their work 
never varies; they do not have to buffet 
against all kinds of weather conditions; 
they take no part in defending the hive. 
In other words, they are not subjected 
to many new experiences. The worker 
bees, on the other hand, are subject to 


a world of new experiences and new 
conditions, but, since they have no off¬ 
spring, it is impossible for them to pass 
on to future generations the benefits of 
these outside experiences. With practi¬ 
cally all other animals, as well as plants, 
the individuals that are subject to 
changing conditions and to new experi¬ 
ences also possess the power of repro¬ 
duction and will pass on to their off¬ 
spring in small part the benefits of ac¬ 
quired characteristics. Furthermore, 
man has been able to control the mating 
of most animals and plants. The queen 
bee, however, mates only on the wing 
while high in the air. Attempts to con¬ 
trol mating by confining queens and 
drones in cages or allowing them to fly 
in large greenhouses or other enclosures 
have failed. Consequently, man has not 
been able to bring about changes that he 
might have done had he been able to 
control mating. Only within recent 
years has it been possible to control the 
mating of queens and drones. Work of 
this type in which instruments are used 
to impregnate queens is now being done 
by the Department of Agriculture and 
by other research institutions, and we 
can reasonably expect that in time some 
changes will be brought about in honey¬ 
bees, making them still more useful. 

In spite of the fact that the bee has 
not been tamed, it has been possible, 
through a knowledge of its behavior, to 
make it amenable to human needs. The 
modern beekeeper, for instance, who is 
able, in a location where honey plants 
abound, to produce as much as 200 
pounds of honey per colony in a period 
of three or four weeks makes no attempt 
to train his bees. On the other hand, he 
loses no opportunity to learn what he 
can of their behavior and to adjust his 
practises accordingly. 

The modern beekeeper knows that the 
average life of the worker bee during the 
active season is only six weeks. The 
first two weeks the bee spends in the hive 
attending to household duties, and the 
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other four it works in the fields. Since 
there is no occasion to open a hive more 
frequently than once a week, the bee¬ 
keeper is well aware that the bees never 
come to know their master. One who 
understands the behavior of bees can 
work in another apiary just as safely 
and profitably as in his own. We can, 
therefore, dispel at once the prevalent 
idea that a beekeeper does not get stung 
because the bees know him. Every per¬ 
son who has occasion to work with bees 
will be stung more or less frequently, 
and it is doubtful whether there are any 
persons for whom the bees have an in¬ 
herent antipathy and whom they delight 
to sting. The layman who is stung most 
is probably the one who is most nervous 
and afraid of the bees. 

The honey-bee is the only one of the 
common bees that loses its sting in an 
effort of defense, and in losing its sting 
the honey-bee also loses its life. The 
sting becomes so firmly anchored in the 
flesh that the bee can not free itself, and 
in trying to tear itself away it is injured 
internally to such an extent that it dies 
a few minutes afterward. Thus it is 
probably safe to say that there is not a 
honey-bee alive that has ever stung a 
human being. None of the honey-bees 
now in existence have ever had any pre¬ 
vious experience or practise in stinging; 
yet each instinctively knows how to use 
this very effective weapon of defense. 

Always about the hive are a few bees 
that assume the duty of defending it, 
and in performing the duty of plunging 
its sting into an enemy a bee sacrifices 
its life for the welfare of the colony. 
The assignment of this duty of defend¬ 
ing the colony to only a few bees is a 
wise provision of nature. If all the bees 
in a hive rushed out in defense and were 
successful in stinging their victim, the 
colony would die. The beekeeper knows 
this, and he knows that he can disarm 
the guards with a little smoke and by 


judicious handling. He can, therefore, 
safely open a hive and with his bare 
hands remove frame after frame with 
thousands of adhering bees. If he acci¬ 
dentally crushes a bee, he will be stung. 
It is not uncommon also for a guard bee 
suddenly to go back on duty, and it will 
as readily sting the owner as it would the 
most casual stranger. Away from the 
hives, bees can scarcely be induced to 
sting. If you picked up a bee from a 
flower and held it in your cupped hands 
in such a manner that the bee could not 
escape, yet gave it room to walk about, 
it would make no attempt to sting. If 
you crushed it, of course, the story 
would be different. Ordinarily the 
honey-bee stings only in defense of the 
colony; it does not sting in its own de¬ 
fense, since to do so means its death. 
This is not true of other bees. Bumble¬ 
bees, wasps, hornets and yellow jackets 
sting not only in defense of the colony 
but in self-defense, and they can sting, 
not once, but many times; neither do 
they lose their life by doing so. 

In closing, just a word about the work 
of bees. Although no careful census of 
the bee population of the United States 
has ever been made, it is safe to assume 
that during the active season there are 
upwards of 280 billion honey-bees hard 
at work. At the end of the season they 
will have produced well over 150 million 
pounds of rich, mellow honey and about 
three million pounds of fragrant bees¬ 
wax. Their greatest work, however, is in 
the cross-pollination of our fruit and 
vegetable crops. Their activity results 
in larger and more perfect crops. They 
even deserve much credit for helping to 
maintain our huge dairy industry by 
perpetuating the plants that grow in our 
pastures and meadows. Agriculture is 
heavily indebted to the honey-bee. Even 
religion owes a debt of gratitude to this 
industrious insect, since it makes possi¬ 
ble the beeswax candles that light our 
cathedral altars. 



SCIENCE SERVICE RADIO TALKS 


547 


NEW INDUSTRIES FOR OLD 

By Dr. E. R. WEIDLEIN 

DIRECTOR, MELLON INSTITUTE OF INDUSTRIAL RESEARCH 


Tiie science of chemistry is essen¬ 
tially a nineteenth century development. 
Knowledge had accumulated through the 
ages from various practical sources— 
medical and metallurgical—but it was 
the quantitative interpretation of the 
atomic theory that made the relation¬ 
ship of elements and compounds intelli¬ 
gible and raised chemistry to the level of 
an organized science. This led to what 
is known as the scientific method of ap¬ 
proach to the solution of problems. All 
preceding practise was altered by devel¬ 
oping and perfecting a mode of attack 
by which men could undertake to solve 
problems, not by theorizing and specu¬ 
lating about them, but by theorizing to 
a point and then testing the theory 
under definitely and positively con¬ 
trolled conditions. In the main these 
experimental control tests do not have 
for their object the creation of new 
things, but rather a production of those 
new foundations on which new things 
can with certainty be created. How¬ 
ever, the industries, in order to make use 
of this new knowledge, took into their 
ranks groups of men who were familiar 
with these new scientific developments. 
This was the beginning of our industrial 
research laboratories. Greater possibili¬ 
ties opened up for the scientist, and the 
result is seen in the enormous achieve¬ 
ments that have taken place in the past 
thirty years. 

The electric illumination, electrochem¬ 
ical, telephone, radio, automobile, air¬ 
plane and metallurgical industries have 
been created from their basic inventions 
to important places in our present indus¬ 
trial organization during this period. It 
is significant that the time lag in the 
development of these industries has been 


greatly reduced by systematic scientific 
research. 

Our knowledge is still primitive, and 
in some cases, such as in the field of 
electricity, we have incomplete informa¬ 
tion and can only describe such things 
as properties and behavior. It is not 
necessary to consider such complicated 
subjects here. Let us, instead, look at 
water, which every one knows as H 2 0, 
and which contains two atoms of hydro¬ 
gen and one of oxygen. Within the past 
two years, the chemists have discovered 
that pure water, which had always been 
considered a single substance, actually 
contains about one part in five thousand 
of a heavy variety of water, due to a 
type of hydrogen that is twice the 
weight of ordinary hydrogen. Heavy 
water is now being prepared in the lab¬ 
oratory, and it has physical properties 
strikingly different from those of ordi¬ 
nary water. It freezes at thirty-nine 
degrees instead of thirty-two degrees 
Fahrenheit. Certain plants and fish 
placed in concentrated heavy water have 
been unable to survive. On the other 
hand, it has been discovered that many 
growing things appear to have a slight 
preference for heavy water. This heavy 
hydrogen can be separated from the 
oxygen, and it is bewildering to think of 
the possibilities of substituting this new 
hydrogen in the thousands of compounds 
that contain the ordinary hydrogen, and 
as to what the results will be. 

But leaving to one side these future 
possibilities and looking at present-day 
accomplishments, we find that none of 
our factories can operate without chemi¬ 
cals. Already it is possible to foresee 
some of the economic effects of a' more 
thorough w chemicalization of industry. 
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The effects would appear to be construc¬ 
tive. We do not have to speculate, for 
example, upon such fundamental facts 
as lower costs, which lead to higher con¬ 
sumption. Furthermore, technologic 
progress means on the one side higher 
obsolescence and on the other the crea¬ 
tion of new industries. 

It is generally recognized that indus¬ 
trial research is a factor in the unem¬ 
ployment situation: this research has 
often demonstrated that it is capable of 
bringing new employment and that it 
can compensate for the displacement of 
employment in other fields resulting 
from increased mechanical efficiency or 
other technical changes. 

The cooperation of science with the 
industries has been directly responsible 
for our higher standard of living. We 
can not only maintain our present stand¬ 
ard of living, but we can progressively 
improve this standard by creating the 
proper conditions for the industries, 
whereby they can plan for the future, 
and show the way by going ahead with 
the development of products and ex¬ 
panding activities, offering the con¬ 
sumer new and improved products at 
lower cost. 

The chemical industry as a whole has 
maintained its research activities, has 
improved its manufacturing processes 
and the quality of its products, and has 
developed new and useful products, 
many of which will be offered other in¬ 
dustries for rehabilitation. The recent 
improvement in the manufacture of 
phenol, making it available at a much 
lower cost, has stimulated the synthetic 
resin industry. The invention and tech¬ 
nical development of synthetic resins 
constitute one of the outstanding 
achievements of industrial research. 
These resins not only equal but in many 
cases excel the natural products. More¬ 
over, very large quantities of resins are 
required to satisfy the needs of the in¬ 


dustries, and the natural sources of 
supply of these materials are by no 
means abundant. Resins are extensively 
used in paints, varnishes, linoleum, oil¬ 
cloth, and in the electrical, radio and 
automobile industries. The molded ma¬ 
terial is now being developed for the 
building trades. The success that at¬ 
tended the molding of large size panels 
has led to the construction of a three- 
room apartment utilizing the vinylite- 
type resin. Everything in the entire 
apartment, with the exception of the 
plumbing fixtures, furniture, gas stove 
and the bathtub, was made of the resin. 
The walls, ceilings, floors, doors, mold¬ 
ings and baseboards were also made of 
vinylite. The illumination is transmit¬ 
ted through translucent sheets which 
have a light transmission efficiency of 
more than 90 per cent. Even the win¬ 
dows are sheets of transparent vinylite. 
The various towel racks, grab bars in 
the bathroom, door knobs, electric switch 
plates, as well as the cups, saucers, 
pitchers, tumblers and trays in the 
kitchen cupboard were molded from the 
same material. This extends even to the 
ornaments, cigarette boxes, ash trays 
and lamp shades. 

This apartment was built solely as a 
means of demonstrating the possibilities 
of using resins for architectural con¬ 
struction, with no attention at the mo¬ 
ment to the economic problems involved. 
It is of interest that the more the project 
is studied the more feasible it becomes 
from this standpoint. One firm has al¬ 
ready entered the field to produce doors 
from this material, and it is likewise 
being used for panelling rooms and 
offices. 

Such comforts and conveniences as we 
enjoy in our homes to-day are just the 
beginning of what the future holds 
forth. Research in the fields of lighting, 
heating, ventilating, air conditioning, as 
well as all types of new .building mate- 
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rials, will make the home of the future 
to the home of the present what this 
year's latest model motor is to the horse 
and buggy of forty years ago. 

Synthesis of materials is merely at the 
threshold of its service to mankind. It 
is the one means for man's protection 
when natural supplies fall short. The 
records of the synthetic camphor indus¬ 
try show that the markets have been 
greatly extended with a constantly de¬ 
creasing cost to the consumer and with 
the prevention of a monopoly as oc¬ 
curred in the past, owing to the limited 
supply of the natural product. Another 
new product of this class, synthetic rub¬ 
ber, may in time have a very important 
bearing on the future price of rubber. 

It is commonly thought that the chief 
aim of the scientist is to imitate vital 
processes, that is, to synthesize naturally 
occurring substances of the animal and 
vegetable kingdoms. However, the most 
valuable type of research, from an eco¬ 
nomic standpoint, is related to the utili¬ 
zation of certain of nature's products, 
such as coal, natural gas, petroleum, 
cotton, wood, corn and the like, as raw 
materials for making commercially new 
and valuable commodities by synthetic 
methods. 

Modern civilization rests largely upon 
coal and iron, which in turn are linked 
by coke. In making coke, other mate¬ 
rials, termed by-products, are had from 
which modern chemistry has developed 
thousands of very useful chemicals, fer¬ 
tilizers, explosives, disinfectants, per¬ 
fumes, roofings, wood preservatives, 
medicines, photographic materials and 
practically all the dyes used in the tex¬ 
tile industry.■ 

The revolutionary changes in the 
paint and varnish industry to meet the 
demands of a better finish, and one that 
can be applied in a shorter period of 
time stimulated the development of new 
synthetic solvents. Thus came the lac¬ 


quer industry of to-day. This advance, 
in turn, has created two other new in¬ 
dustries. One of these is based upon 
corn as a raw material. The second 
depends upon natural gas and crude 
petroleum, and has developed into one 
of our largest chemical industries. It 
has made available in large quantity 
and at a low cost a variety of commer¬ 
cially valuable organic chemicals dis¬ 
tinct in origin as well as in application, 
from the synthetic chemical products 
previously on the market. 

Equally valuable with coal and petro¬ 
leum as a raw material is cellulose. 
Rayon, born of chemistry, is based upon 
cellulose made from wood, cotton or 
other vegetable sources. Many manu¬ 
facturers are at present making all¬ 
rayon fabrics, while others are combin¬ 
ing rayon with cotton, silk or wool. 
Cellulose is also the basis of another new 
industry developed in the laboratory, 
the production of artificial sausage cas¬ 
ings. Several hundred miles of these 
casings are now being made daily to 
cover our well-known 4 4 hot-dogs" and 
other meat products. As is so often the 
case in the synthetic manufacture of a 
new product, novel properties are intro¬ 
duced which give added value to the 
material. It is possible to remove these 
synthetic casings from the meat after 
the stuffing process, and the finished 
wiener is sold as a skinless product. 

The scientific development of new 
products has great merit as a beneficial 
business force. Commercial changes 
occur constantly and inevitably and 
hence there is the correlative necessity 
for continuous product development to 
keep abreast or ahead of market re¬ 
quirements as well as competition. Con¬ 
stantly and endlessly, new and more 
attractive commodities are being pro¬ 
duced by research, which also yields 
new uses for old products. 

A new leather has recently been pro¬ 
duced by making radical changes in the 
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tanning process. The leather is impreg¬ 
nated with materials that not only give 
support to the fibers but also lubricate 
them, providing for decidedly longer 
life against breakdown from flexing. 
The new leather can be obtained in any 
color; it increases the beauty of colored 
leather, giving a fuller and softer tone; 
its resistance to scuffing is greatly in¬ 
creased, and the presence of the lubri¬ 
cants permits renewing of the finish by 
brushing without the use of polishes. 

A new method of bonding, employing 
a relatively soft metal as an adhesive, 
has been developed for the attachment 
of fibrous materials to steel. The 
fibrous material, which may be felt, 
paper or cloth, may then be saturated 
with any suitable substance, such as 
asphalt, oil or resin, to produce a water¬ 
proof and corrosion-resistant covering. 
After saturation, additional layers for 
protection or decoration may be applied 
by the use of paints, lacquers or syn¬ 
thetic resins, and by laminating opera¬ 
tions with wood veneer. Many indus¬ 
tries are now carrying on concurrent 
research on this product, in order to 
determine how it will fit into their par¬ 
ticular manufacturing processes. 

The story of the technical develop¬ 
ment of sodium hexa-metaphosphate, 
from a laboratory curiosity to a com¬ 
mercial product, in the past five years, 
is one of the romances of modern indus¬ 
trial science. Its first application en¬ 
tered in the treatment of boiler feed- 
water to prevent scale. It is now finding 
wide application in the laundry indus¬ 
try. The action of this chemical on 
lime soaps is in effect a “regeneration” 
process in which the soap, previously 
inactivated by the hardness of the water, 
is restored to its original activity, 
thereby effecting a saving in the amount 
of soap required and preventing the 
precipitation of a scum of alkali-earth 


soap with its impounded dirt. It is like¬ 
wise being used in dish-washing, for 
cleaning shrubbery and as a pet wash. 
After rinsing with the metaphosphate 
solution, the textiles and also the fur and 
skin of animals are apparently cleaner 
than after washing in the usual way 
with soap alone. This is a good example 
of a laboratory product known for one 
hundred years that has just recently 
been put to work for the benefit of man¬ 
kind. 

The boundless importance of good air 
and ventilation, smoke and dust abate¬ 
ment, safe water and pure foods lias 
impelled a great number of scientists to 
attack the many problems of personal 
and communal hygiene that arise from 
the use and abuse of these vital essen¬ 
tials. The scientist's view is really a 
plea for the more earnest application of 
science in the attainment of a greater 
measure of happiness, health and wealth. 
The spirit of all industrial research is 
sincerely scientific. It seeks to be open- 
minded toward new truth. It recog¬ 
nizes the intricacy of its problems; it 
does not hesitate to admit ignorance nor 
to suspend judgment. Its constant aim 
is the discovery of truth and its appli¬ 
cation to human needs. Its principal 
doctrine is the creation of new things 
rather than to concentrate thought and 
effort upon dividing existing things. 

Every economic system is predicated 
upon two basic conditions. The first of 
these is human nature, because human 
wants constitute the dynamic force that 
drives the economic machine under the 
guidance of human hopes and human 
plans. The second is “the state of the 
art, ’ f the art in this case being the sum 
total of all ways and means, both physi¬ 
cal and social, which man has at his 
command to make life on this earth 
more safe, more comfortable, more en¬ 
joyable. 
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CAN YOU LIVE WITHOUT WATER? 

By ABEL WOLMAN 

CHIEF ENGINEER, STATE OF MARYLAND DEPARTMENT OF HEALTH, BALTIMORE, MD. 


Byron many years ago in his “Don 
Juan” said, “Only the parched feel the 
agony of the desire for water.” When 
President Roosevelt made water supply 
the principal topic of his recent speeches 
in the Par West, it was largely because 
the drought of present and past years 
has made our people water conscious. 
Only by chance has shortage of water 
reached international importance simul¬ 
taneously with the economic depression, 
and it is again only by chance that news¬ 
papers debate the causes and effects of 
droughts in competition with the pros 
and cons of the NRA. 

In peace time or, to continue our 
analogy, in normal times the water sup¬ 
ply is in the silent service of public life. 
It then receives little attention either in 
the political or the economic arena. 
Unlike other phases of our existence, 
however, it is not easily controllable by 
acts of Congress. Even successful oper¬ 
ation of the NRA can not prevent the 
unfortunate and horrible results of a 
lack of water supply. Fortunately, 
however, the results of the acts of God 
which lead to water shortage are subject 
to advance control by the development 
of more complete sources and their more 
adequate storage. During a drought we 
should give attention to the preparation 
for its recurrence. The lessons of to-day 
may be most helpful in preventing the 
calamities of the future. Our memories 
are short, however, and that is why we 
must hammpr home now the elementary 
features of water supply provision, 
which with the ample rains of to-morrow 
will soon be forgotten. 

The raw material for a water supply 
has only one source. It is the rain from 
heaven. It is neither inexhaustible nor 
ever-present. Unlike other raw mate¬ 


rials, we can not live without it, if it 
were suddenly removed from the earth. 
In the past we have been threatened 
with the exhaustion of some important 
raw materials, such as iron ore, coal, oil, 
etc. Although their disappearance 
might cause considerable hardship, sub¬ 
stitutes therefor or modifications of our 
living without them could result. When 
it stops raining, however, our raw mate¬ 
rial disappears. Unless we have been 
provident in conservation there is no 
answer to life unless it starts to rain 
again within a few days. 

Most of us have probably forgotten 
what life was like when water was sold 
in San Francisco in 1865 at $1.00 per 
bucket. We are reminded, however, 
that this can recur even to-day, when 
whole communities in the Middle West 
were dependent for their existence, 
during the drought, upon water brought 
in each morning in railroad tank cars. 
All over the world for the last few years 
this amazing deficiency of water supply 
has persisted. People on rations are 
water conscious to a degree unbelievable 
ten years ago. Ingenious devices for 
conservation of waste water in England, 
Italy, France and the United States 
appear on the front pages of news¬ 
papers. 

Water, like many other raw materials, 
occurs in different parts of the world in 
different amounts and in varying qual¬ 
ity. In some countries rainfall is so 
copious as to be almost a nuisance, while 
in others its occurrence is so rare as to 
be hailed with amazement when it ap¬ 
pears. In Cherrapunji, India, for ex¬ 
ample, the average rainfall in a year is 
over 400 inches, almost ten times that 
which occurs in New York City. In 
Yuma, in the desert of the United 
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States, less than one one-hundredth of 
this amount falls in an average year. 
As a matter of fact, in 1928, 0.47 inch 
fell in the entire year at Yuma. Obvi¬ 
ously, if life must exist either in this 
Indian area or in this American desert, 
the calamities of too great or too small 
a quantity of annual rainfall must be 
considered. When we add to these diffi¬ 
culties of quantity the varying quality 
of this raw material, we begin to have 
some conception as to what it means to 
provide people with water. 

In the first place, how much of this 
raw material do we actually need? A 
newspaper headline of a week or two ago 
states that one billion gallons of water a 
day is not enough for New York City. 
The city fears a salt-water diet for a 
million and a half people in spite of its 
gigantic reserve water supply. The 
British troops of General Allenby, on 
the other hand, in their forced marches 
against the Turks, used as low as one 
pint of water per man per day. The 
amount of water which a man uses de¬ 
pends primarily on how abundant it is 
and how cheaply he gets it. The sub¬ 
sistence demand for water supply, if we 
may so name man's metabolic require¬ 
ments, is remarkably small. It is prob¬ 
ably less than two gallons per person per 
day. But people use far more water 
than the bare subsistence demand would 
indicate. They have, in addition, a sani¬ 
tary demand, an industrial requirement 
and what we may properly call a 4 ‘lux¬ 
ury requirement." When times are 
good, people in every western country 
use more water proportionately than 
when times are bad. Presumably in 
periods of prosperity standards of living 
are improved and per capita water con¬ 
sumption increases. When wages drop 
and employment decreases, correspond¬ 
ing declines in water supply use occur. 

Water supply consumption in the 
United States, greater than in almost 


any other country in the world, ap¬ 
proaches the luxurious uses of the early 
Roman empire. Some people say this is 
an indication of the usual waste in the 
United States, but it is more probably 
due to a higher standard of living and 
a higher demand for sanitary equipment 
in this than in other countries. The 
average requirement for water supply in 
the United States is usually about 100 
gallons per person per day. In German, 
British and French cities it is usually 
less than 50. In Holland it is less than 
40 and in Italy less than 30 gallons per 
person per day. 

When we compare the uses of sanitary 
facilities in various countries, however, 
we are led to conclude that the require¬ 
ments for water, made necessary by a 
wider distribution of sanitary facilities 
in the United States, represent not an 
illegitimate wasteful use, bht probably a 
legitimate necessary sanitary demand. 
How can you decide whether or not an 
average daily per capita use of water of 
400 gallons in Beverly Hills, California, 
is an illegitimate use or an evidence of 
a perpetual orgy? It is easier to believe 
that, because Beverly Hills has large 
estates, private swimming pools, well- 
cultivated lawns and private houses with 
three to five bathrooms, it is really a 
legitimate consumption. These figures 
give some indication, however, as to the 
amount of raw material which must be 
provided in some fashion or other in 
order to make it possible for our urban 
and rural communities to survive. 

Once we guarantee the vast amounts 
of water necessary for the continuance 
of domestic and industrial life, we must 
concern ourselves with the manufacture 
of a final product which meets the re¬ 
quirements of the average citizen. His 
requirements have changed to an amaz¬ 
ing degree in the last quarter of a cen¬ 
tury. There was a time when the citizen 
was willing to drink anything which 
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flowed. In the Southwest it was fre¬ 
quently said in the nineties that water 
was squeezed out of the mud rather than 
the mud removed from the water. As 
esthetic standards became more rigid, 
however, the American consumer began 
to require a water which was clear to the 
eye, attractive to the taste and smell, 
safe from the public health standpoint, 
noncorrosive to the plumbing system, 
soft for the laundry and satisfactory for 
the steam boiler or other industrial use. 

This requirement for improved qual¬ 
ity in every direction has made it neces¬ 
sary to treat water in a variety of ways. 
To-day this raw material is subjected to 
settling, to coagulation with a variety of 
chemicals, to sand filtration, to treat¬ 
ment with chlorine, to removal of carbon 
dioxide, iron, manganese and to water 
softening. Perhaps one of the largest 
industrial processes in operation in any 
community is the one for the fabrication 
of a safe and palatable drinking water. 
It is the one, incidentally, which is least 
popularized by the local chamber of 
commerce. 

When it has been produced, its deliv¬ 
ery to the consumer is further safe¬ 
guarded. Obviously it can not be 
wrapped in Cellophane as are many other 
less important products, but it is deliv¬ 
ered through thousands of miles of pipe 
lines and is protected at every exposure 


by continued and eternal vigilance by 
various public agencies, until it reaches 
the water tap. 

The man who turns on the faucet at 
any hour of the day or night expects a 
clear, limpid, safe, non-corrosive, soft 
liquid to flow in unlimited quantities 
and, therefore, never worries much 
about the origin of this life-giving fluid, 
its conversion into a satisfactory prod¬ 
uct or its cost. He paraphrases the 
comment of the originator of the first 
public water supply in Philadelphia, 
Benjamin Franklin, who said, “When 
the welFs dry, they know the worth of 
water.” 

One of the remarkable facts about this 
unfamiliar industry is that its product 
is one of the cheapest commodities made 
in the United States. Water costs about 
5 cents a ton, meat about $500 a ton; 
bread, $150; milk, $120; gasoline, $40, 
and coal, $5 per ton. And, incidentally, 
this cheapest commodity of all, when 
properly conserved, may meet your re¬ 
quirements for centuries to come. It 
requires only vision and good sense to 
make it permanently available. Water 
shortages due to droughts are confes¬ 
sions of unpreparedness. “In time of 
peace prepare for war” may, without 
criticism from any pacifist, be converted 
into the slogan, “In time of rain, pre¬ 
pare for drought. ’ ’ 
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The gist of the notion of a mathe¬ 
matical group may be expressed as fol¬ 
lows: A mathematical group is a set of 
distinct elements which obey the asso¬ 
ciate law when three or more of them are 
combined and are closed with respect to 
the solution of linear equations in the 
form ax = b. Nothing is said in the 
definition of the term group as regards 
the law of combination of two of its ele¬ 
ments except that only one element re¬ 
sults therefrom whenever the order in 
which these two elements are combined 
is fixed, and, as there are only two such 
possible orders, no more than two ele¬ 
ments can result from the combination 
of two given ones. As the combination 
of elements and the solutions of linear 
equations appear in the oldest extant 
mathematical literature the concept of 
group is connected with the earliest 
known mathematical operations, but it 
did not receive explicit recognition be¬ 
fore the latter part of the eighteenth 
century and it was not recognized before 
the latter part of the nineteenth century 
that it permeates wide fields of mathe¬ 
matical development. 

The term group was first used with a 
concrete mathematical meaning by E. 
Galois (1811-1832), but its general in¬ 
troduction as a mathematical term was 
largely due to the influence of C. Jordan 
(1838-1922), who employed it fre¬ 
quently in his classic “Traite des sub¬ 
stitutions, ’ ’ 1870, and defined it, on 
page 22 thereof, as a system of substitu¬ 
tions which includes the product of 
every two of them. It was known long 
before this time that many other sets of 
elements, including the natural numbers, 


also have the property that they contain 
the product of every two of them, but no 
special term was employed with respect 
to these sets on account of this property 
until the term group had become some¬ 
what popular in the writings on the 
substitution groups that can be con¬ 
structed on a given number of letters. 
The question naturally arises why this 
special term was favorably received 
when applied to sets of substitutions, 
but no similar term was employed until 
somewhat later with respect to other 
sets of elements which also satisfy the 
condition that they include the product 
of every two of them. 

The answer to this question seems to 
be that on account of other properties 
inherent in these substitutions it is pos¬ 
sible to find a large number of theorems 
of general interest with respect to sets 
of such substitutions which satisfy the 
condition that they include the product 
of every two of them. It was later 
noticed that many of these theorems are 
not confined to sets of such substitutions 
but apply also to a much wider realm of 
ideas. This observation led various 
mathematicians, especially S. Lie (1842- 
1899) and F. Klein (1849-1925), to 
study other sets of elements, including 
transformations, which have the prop¬ 
erty that they include the product of 
every two of them. While the sets of 
substitutions on a given number of let¬ 
ters which satisfy the condition that 
they contain the square of every one 
and the product of every two must 
therefore include also the inverse of 
each of these substitutions and hence 
also the identity this is not true as re- 
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gards some of the more general trans¬ 
formations considered by S. Lie, P. 
Klein and others. 

This fact did not at first lead all these 
writers to modify their definition of the 
term group. It did, however, lead S. 
Lie and others to confine their attention 
to the study of what they regarded as 
special classes of groups. In particular, 
S. Lie found it desirable to insist that 
the groups studied by him contain the 
inverses of all their transformations and 
therefore also the identity. Hence it is 
sometimes said that every Lie group in¬ 
cludes the identity, 1 notwithstanding the 
fact that S. Lie explicitly said that the 
totality of the transformations of the 
form z' = ax, where a is a proper frac¬ 
tion, constitutes a group which involves 
neither the inverse of any of its opera¬ 
tors nor the identity. 2 When it is said 
that every Lie group contains the iden¬ 
tity it should be noted that this is true 
of those groups which are included in 
his general theory of continuous groups 
of transformations but not necessarily 
of some special sets of transformations 
which he and others then also regarded 
as groups. 

In his well-known Vorlesungen iiber 
die Enturicklung dcr Mathematik im 19. 
Jahrhundert, Volume 1 (1926), page 
335, P. Klein asserted that in the defini¬ 
tion of group there appears the remark¬ 
able but typical phenomenon that also in 
such questions there has presented itself 
during the last decades a change from 
the intuitive active conception of things 
to an abstract formulation. When he 
and S. Lie undertook to develop the 
meaning of group theory for the various 
domains of mathematics they assumed 
that a group is the totality of single 
valued operations such that any two of 
them can be combined and give again an 
operation of this totality. In his further 

1 G. Kowalewfiky, ** Theorie dor Kontinuier- 
lichen Gruppen,” 1931, p. 95. 

*S. Lie, ‘ ‘ Theorie der Transformations- 
gruppen,” Vol. 1 (1888), p. 163. 


investigations of infinite groups S. Lie 
found it necessary to require that be¬ 
sides every operation of the group con¬ 
sidered by him its inverse should also 
appear therein and hence also the iden¬ 
tity, as was noted above. 

In the evolution of a modern defini¬ 
tion of the technical term group it is 
obviously important to notice the wide 
difference between the views of those 
who confined their attention to groups 
such that they include the inverse of 
every operator contained therein and of 
those who regarded this property as a 
part of the definition of a group. The 
fact that F. Klein had not adopted the 
latter view even as late as 1893 follows 
from a note to his now famous “Er- 
langer Programm,” which he repub¬ 
lished during this year in the Mathe - 
matische Annalen , Volume 43, page 66. 
He stated explicitly in this note that a 
group of infinite order does not neces¬ 
sarily include the inverse of every one 
of its operators, and the fact that he 
gave here S. Lie credit for having first 
called attention to this property seems to 
imply that he considered it then to be of 
considerable importance. In fact, it is a 
direct consequence of the unsatisfactory 
definition of the term group used by S. 
Lie and F. Klein up to that time and it 
is merely one of very many oddities 
admitted by this definition. 

The year 1893 is also important in the 
evolution of a modern definition of the 
mathematical term group, because II. 
Weber published in the journal volume 
noted in the preceding paragraph (page 
522) the earliest general definition of an 
abstract group, which applies to groups 
of infinite order as well as those of finite 
order. In particular, this definition in¬ 
cludes the now widely used equational 
condition that if in the equation xy~z 
two of the symbols are replaced either 
by the same operator or by two different 
operators of a given group then the re¬ 
sulting linear equation is satisfied by 
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one and only one of the operators of this 
group. H. Weber gave here also the 
postulate that the operators of a group 
obey the associative law when they are 
combined, but he failed to make it clear 
then that these two conditions are suffi¬ 
cient for a general abstract group. In 
his “Lehrbuch der Algebra, M which he 
began to publish about two years later 
(1895), he modified this definition some¬ 
what, but in his “Kleines Lehrbuch der 
Algebra / 7 published in 1912, shortly 
before his death (1913), he used again 
this equational condition (page 181), 
and hence it seems to have been the re¬ 
sult of mature considerations. 

No other writer contributed so much 
as H. Weber towards the establishment 
of a widely accepted definition of the 
technical term group, but even he was 
not entirely succe sful in winning uni¬ 
versal support. It is especially note¬ 
worthy that none of his definitions was 
adopted in the largest extant mathe¬ 
matical encyclopedia, which began to 
appear about five years after he had 
published his first acceptable general 
definition. This encyclopedia is entitled 
“Encyklopadie der Mathematischen 
Wissenschaften,” and on page 218 of 
the first volume there appears a defini¬ 
tion which is satisfied by the totality of 
the natural numbers which exceed an 
arbitrarily fixed one of them when they 
are combined either according to ordi¬ 
nary multiplication or according to 
ordinary addition, and hence it implies 
that a group does not necessarily in¬ 
volve either the identity or the inverse 
of each of its operators. This is the 
more remarkable since H. Weber was 
one of the collaborators of the first vol¬ 
ume of this encyclopedia, writing the 
article on complex multiplication, and 
he was then representing the Deutschen 
Mathematiker-Vereinigung on the com¬ 
mittee of publication. He was also pro¬ 
fessor of mathematics at the University 
of Gottingen (1892-1895). 


We have thus far aimed to exhibit a 
few of the most outstanding features of 
the evolution of a modern definition of 
the technical term group, but various 
details need to be added thereto to give 
a clear picture of this evolution. Prob¬ 
ably the most striking of these details is 
the role which A. Cayley (1821-1895) 
played in this evolution, since he was the 
first to formulate a definition of an ab¬ 
stract group of finite order. He did 
this in his first article on the subject of 
groups, published in the Philosophical 
Magazine, Volume 7 (1854), page 40, 
under the heading “On the Theory of 
Groups as Depending on the Symbolic 
Equation 0 n = 1.” In his numerous later 
publications on this subject he never 
again gave such a complete definition 
nor did he give any evidence in his later 
writings that he himself realized the im¬ 
portance of the step which he had taken 
in this first article on the subject. He 
thus naturally failed to be as influential 
in the evolution of a modern definition 
of the technical term group as one might 
at first be inclined to infer from his 
pioneering work along this line, but he 
deserves more credit for it than he has 
commonly received. 

It is interesting to note that A. Cay¬ 
ley’s definition of the term abstract 
group of finite order, which appears in 
this early article, is practically equiva¬ 
lent to the one formulated about twenty- 
eight years later by H. Weber 8 without 
giving any reference to any earlier for¬ 
mulation of such a definition. The 
postulates in the latter definition were 
stated more clearly than in the former, 
and it is not implied here that H. Weber 
was probably aware of the earlier work 
along this line when he published his 
definition. His postulates and those of 
A. Cayley were probably suggested by 
the theory of the groups on a finite num¬ 
ber of letters, and hence their similarity 

8 H. Weber, Mathematisehe Amnalen, 20: 
302, 1882. 
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does not necessarily imply that the lat¬ 
ter were based on the former. It is, 
however, true that A. Cayley failed to 
receive due credit on the part of various 
later writers on the subject who prob¬ 
ably would have given due credit to him 
if H. Weber would have given the ap¬ 
propriate references in his publications 
on the subject. 

Even as early as 1860 A. Cayley pub¬ 
lished an article on the term group in 
the “English Cyclopedia,*’ in which he 
did not postulate even the associative 
law in the definition of this term. This 
is the more remarkable since he seems to 
have been the first to state this law ex¬ 
plicitly in a definition of an abstract 
group, having included it among the 
postulates of a group in his first article 
on this subject, as noted above. As is 
well known, W. R. Hamilton (1805- 
1865) named and employed this funda¬ 
mental mathematical law in other con¬ 
nections at an earlier date. The fact 
that A. Cayley was not steadfast in the 
use of some of the advances he had in¬ 
troduced makes it difficult to determine 
how much credit should be given him 
for these advances, since he himself 
seems to have failed to realize their 
importance. Possibly this is also true as 
regards his now famous dictum, “A 
group is defined by means of the laws of 
combination of its symbols , 99 which W. 
Dyck put at the head of a very influen¬ 
tial article, and thus won for it and its 
author wide recognition. 4 It represents 
an important step (1878) in the evolu¬ 
tion of a modern definition of the term 
group. 

A somewhat striking incident in the 
evolution of a modern definition of the 
term group is furnished by a set of 
postulates formulated in 1870 by L. 
Kronecker. This has been called the 
* ‘first explicit set of group postulates * 9 
by E. V. Huntington, 8 although it was 

♦W. Dyck, Hid., p. 1. 

• E. V. Huntington, Transactions of the 
American Mathematical 8ooiety t 6: 181, 1905. 
Cf. 0. A. Miller, Science , 79: 291, 1934. 


formulated in connection with the 
theory of numbers and relates only to 
abelian groups of finite order. It is es¬ 
pecially interesting because it exhibits 
close contacts between abstract group 
theory and number theory since L. 
Kronecker was concerned here with 
some underlying principles of the latter 
subject. About the beginning of the 
present century various sets of postu¬ 
lates for an abstract group were formu¬ 
lated by several American writers, in¬ 
cluding J. Pierpont, E. H. Moore, E. V. 
Huntington and L. E. Dickson. These 
writers were then mostly concerned with 
the best possible form in which such a 
set of postulates can be presented and 
with the question of the independence 
of these postulates. In content they did 
not aim to deviate from the sets of pos¬ 
tulates announced earlier by H. Weber, 
and their writings helped to make these 
postulates better known. 

E. V. Huntington stated in this con¬ 
nection that he himself seemed to have 
been the first to study sets of group 
postulates with respect to the question 
of their independence, and this repre¬ 
sents a final theoretical step in the evo¬ 
lution of a modern definition of the 
technical term group. In speaking of 
such postulates F. Klein remarks, at the 
place to which we referred above, that 
the appeal to the imagination is thereby 
fully removed. In place of it the logi¬ 
cal structure comes to the forefront. 
The abstract formulation is excellent 
for the development of proofs but is not 
well suited for the discovery of new 
ideas and methods. It rather presents 
a termination of earlier developments 
and hence it simplifies instruction, since 
one is able to furnish thereby complete 
proofs of known theorems. This has 
always been an important function of 
systems of postulates. 

Although the evolution of a modern 
definition of the technical term group 
may be said to have been theoretically 
completed about a quarter of a century 



558 


THE SCIENTIFIC MONTHLY 


ago, practical difficulties remained, and 
still remain, in view of the fact that 
many of the older and inadequate defi¬ 
nitions have appeared in some works of 
reference which are highly regarded, 
and hence these inadequate definitions 
are frequently repeated in more recent 
publications. As an instance of this 
kind we may cite the statement that a 
cyclic group of infinite order has two 
independent generators, which appears, 
for instance, in such a favorably known 
work as Pascal’s “Repertorium der 
hbheren Mathematik,” Volume 1 
(1910), page 193. This statement is 
clearly based on the assumption that a 
generator of a cyclic group and its in¬ 
verse may be regarded as independent, 
and hence that the inverse of an opera¬ 
tor does not necessarily appear in every 
group which contains this operator. It 
would seem that the term group should 
now imply at least the existence of the 
inverse of each of its operators. 

An example which has a somewhat 
striking history is the totality of the 
natural numbers when they are com¬ 
bined by ordinary multiplication. In 
the first edition of Volume 2 (1896) of 
Weber’s “Lehrbuch der Algebra” it is 
asserted (page 54) not only that the 
natural numbers constitute a group 
when they are thus combined but also 
that this group is the most important 
example of an abelian group. This 
statement is corrected at the correspond¬ 
ing place of the second edition of this 
volume and deserves notice here mainly 
because the first edition of this volume 
is still widely used, and because similar 
statements are found in many other 
places. For instance, such a statement 
appears in the recent Italian “Enciclo- 
pedia delle Matematiche Elementari,” 
Volume 1, part 2 (1932), page 43. 
Whether such a statement is correct or 
not depends upon the definition of the 
term group, and our main object here 
is to show that the recent tendency has 


been to give a definition of this term 
according to which these numbers do 
not constitute a group when they are 
combined by ordinary multiplication. 

A more serious inaccurate statement 
appears on page 20 of the volume of the 
Italian encyclopedia noted above. It is 
here asserted that the notion of group 
has received a great extension during 
the last fifty years by including therein 
all the operations or transformations, 
finite or infinite in number, executed on 
the entities of a given field, whenever 
the transformation resulting from the 
successive application of any two of 
them belongs itself to these transforma¬ 
tions. It should be observed that this is 
not in accord with the statement of F. 
Klein noted above, according to which 
during recent decades a change in the 
definition of group has taken place from 
the intuitive active conception to an ab¬ 
stract formulation. This abstract for¬ 
mulation required limitations so as to 
obtain a definition which can be used to 
develop an extensive abstract theory. 
Not a single one of the hundreds of 
theorems relating to the theory of 
groups could be proved if the extension 
noted at the beginning of this paragraph 
had actually taken place in abstract 
groups. 

It should be observed that the postu¬ 
lates which underlie the modern term 
group belong to the category of the 
mathematical postulates which can be 
proved to be true for various restricted 
fields but are classed as postulates be¬ 
cause wider fields are also considered in 
the general subject under consideration. 
In particular, the associative law can be 
clearly proved when we confine our at¬ 
tention to the permutations or substitu¬ 
tions on a given number of letters. In 
this respect the group theory postulates 
differ widely from those which can not 
be proved to be true, even for a re¬ 
stricted field, such as the parallel postu¬ 
late in elementary geometry. One of 
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the singular facts in the history of 
mathematics is that before the first half 
of the nineteenth century no one seems 
to have realized the desirability of em¬ 
phasizing the associative law, while now 
the freshman in our colleges is supposed 
to become somewhat familiar with it. 

The totality of the natural numbers 
when combined by multiplication in¬ 
cludes the identity but no other inverse 
of an operator contained therein. If a 
set of operators which includes the 
product of every two includes the in¬ 
verse of at least one of them it also in¬ 
cludes the identity. Notwithstanding 
this obvious fact, systems of postulates 
underlying a definition of the term 
group frequently include as two sepa¬ 
rate postulates the facts that the set of 
operators under consideration involves 
both the inverses and also the identity. 
This is done in particular in the system 
adopted by F. Klein at the place to 
which we referred above. It should 
therefore be noted that in the evolution 
of a modern definition of the technical 
term group emphasis on important facts 
seems to have often been given prece¬ 
dence over the question of logical inde¬ 
pendence of the concepts involved in 
such a definition. This may serve to 


explain why the question of this inde¬ 
pendence does not seem to have been 
explicitly considered before the begin¬ 
ning of the present century. 

During recent years the mathematical 
term group has appeared in the scien¬ 
tific literature with increasing frequency 
and the inconsistencies in the use of this 
term have become more and more annoy¬ 
ing. It may therefore be a timely effort 
to try to exhibit some of the sources of 
these inconsistencies in the hope that 
this will help to secure greater uni¬ 
formity. While it is natural that the 
term group was used in the past with a 
variety of meanings and this caused 
comparatively little inconvenience as 
long as the number of those using it was 
small, the time seems to have come when 
greater uniformity in the use of this 
term is very desirable and it is hoped 
that an understanding of the steps 
towards an evolution of a modem defi¬ 
nition of the term may be conducive to 
securing this uniformity. In the writ¬ 
ings of such an eminent mathematician 
as F. Klein was one can notice the tran¬ 
sition from a vague to a more nearly 
exact use of this term, and it seems pos¬ 
sible that a similar transition can be 
secured in the public mind. 



LIGHTNING DISCHARGES TO GROUNDED 

CONDUCTORS 


By Professor J. C. JENSEN 

NEBRASKA WESLEYAN UNIVERSITY 


The effectiveness of lightning rods 
and other grounded conductors in pre¬ 
venting discharges to buildings, trees, 
oil reservoirs and transmission-line tow¬ 
ers has been the subject of much recent 
discussion and investigation. It is com¬ 
monly believed that silent electrical 
discharges into the air from metal 
points, such as are found on lightning 
rods, equalize the difference of potential 
between the clouds and the earth, and 
thus decrease the danger of a lightning 
stroke in the vicinity. The fallacy in 
this argument lies in the fact that simi¬ 
lar discharges escape from every tree in 
a forest, when a thunder-cloud is over¬ 
head; nevertheless, lightning does strike 
in the heaviest timber and cause many 
fires. Obviously a few metal points on 
a house can not be expected to do what 
hundreds of tall trees fail to accomplish. 
That properly installed rods do give pro¬ 
tection by carrying lightning discharges 
safely to the ground is shown in figures 
compiled by the State Fire Marshal of 
Iowa, where 93 per cent, of the losses 
caused by lightning in 1919-1924 were 
in unrodded structures. 

Transmission line towers, radio an¬ 
tenna, metal flagpoles and similar 
grounded objects have frequently been 
struck without material damage being 
done, as have also rodded smokestacks 
and projecting metal parts of brick and 
stone buildings with bonded steel frame¬ 
work. The 500-foot steel antenna tow¬ 
ers recently erected for several of the 
high-powered broadcasting stations are 
all provided with safety gaps across the 
base insulators, and experience has 


shown that these gaps are often required 
to function. Researches of Schonland 
in South Afriea, 1 of the present writer,* 
and of several American engineers all 
agree that such discharges usually come 
from a negatively charged cloud. 

The old adage that lightning never 
strikes twice in the same place has been 
definitely disproved by repeated strokes 
to the well-known Empire State Build¬ 
ing in New York City. About four 
o’clock on the morning of June 10,1933, 
Mr. Henry A. Shimer, from his home at 
340 West 55th Street, obtained five pic¬ 
tures of direct discharges to the mooring 
mast as shown in Figs. 1, 2 and 3. He 
witnessed another direct hit early in the 
evening of April 24, 1934, and got addi¬ 
tional pictures of one during the storm 
of May 22, 1934. Eye-witnesses of the 
first of these displays state that the 
brilliant flashes were repeated about 
once per minute for a quarter of an 
hour. 

The Empire State Building is 1,250 
feet high, with steel framework, which is 
thoroughly bonded and grounded. The 
outer structure of the tower and the 
mast are also of metal. The building 
may, therefore, be likened to a gigantic 
lightning rod extending almost a fourth 
of a mile up into the air. Considering 
the high relative humidity in the vicin¬ 
ity of New York and the early summer 
season, it is probable that the base of the 
cloud was less than a mile above the 

* Schonland, Tran*. South Africa* Inti. 
Bleo. Eng., Vol. 24, Jobs, 1038, p. 148. 

»J. C. Jenien, Journal Franklin Inti., VoL 
216, Dec., 1038, p. 707. 
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earth. The tendency for a thunderstorm rapidly as the mountain ascends, so that 
whwh is forced up over a mountain to the distance from cloud to ground is 
send numerous lightning discharges to decreased, resulting in a higher potential 
crags and ridgea is well known. In that gradient between them. With a tall 
cash the cloud usually does not rise as building on level ground, however, the 
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cloud configuration docs not change and 
the increased potential gradient occurs 
only in, the area immediately above the 
building: 

In their South African studies of 


lightning discharges with special cam¬ 
eras equipped with rapidly moving 
lenses, Schoniand and Collens* have 
shown that a stroke .to ground from a 
cloud with negatively charged base con¬ 
sists essentially of two parts. Because 
of silent discharges of electricity from 
pointed objects on the earth a space 
charge is formed near the ground which 
reduces the electric field there. As a 
consequence the potential gradient is 
highest directly below the cloud and the 
first discharge consists of an electron 
avalanche of negative electricity from 
cloud to ground. In the second stage 
the slow-moving positive ions from the 
earth follow the heated, ionized channel 
already prepared for them from earth 
to cloud. Both phases, especially the 
second, ordinarily consist of a number 
of surges which follow each other in 
rapid succession. This has recently been 
corroborated by Lloyd and McMorris 4 at 
Pittsfield, Massachusetts, who used a 
special camera in which the film is 
drawn past the lens at the rate of a mile 
per minute. 

Any one who has visited the observa¬ 
tion tower at the top of the Empire 
State Building will be impressed with 
the unusual size of the lightning chan¬ 
nels in the accompanying pictures. The 
upper part of the tower is 32 feet in 
diameter, so that the width of the chan¬ 
nel in Fig. 1 must have been about 30 
feet in its widest part, while that in Fig. 
3 was more than 100 feet. These values 
are in agreement with computations 
based on the focal length of the lens 
used in Shimer’s camera and his dis¬ 
tance from the tower, viz., 6,180 feet. 
As the result of researches conducted in 
recent years it is now certain that the 
earlier estimates of the current in a 
thunderbolt at 5,000 to 10,000 amperes 

a Selionland and Collens, Pr&c. Boy. Soc. A, 
Vol 143, 1934^ p 4 654. 

* Lloyd, McMorris and McEaehron, Gen. 
JSlec. Bev., Vol 37, July, 1934; p. 849. 
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were too low and that values of 50,000 
amperes or more may easily be reached. 
The earth resistance in a modern steel 
building should be very low, since its 
foundations penetrate deep into moist 
ground and its water, gas and sewer 
connections constitute a veritable net¬ 
work of earthed conductors with 
branches ramifying in every direction. 
The path impedance of the stroke was 
also low in this instance because of the 
shortness of the distance from the cloud 
to the tower. Both of these factors 
would tend to increase the current and 
the intensity of the discharge. It 
should also be recalled that the channels 
as photographed are composed of a num¬ 
ber of strokes following the same general 
path, but subject to varying deflections 
by the Jtigh wind incidental to the storm. 

A marked peculiarity of this group of 
pictures lies In the fact that two of the 
five show upward branching at an alti¬ 
tude of 8,000 feet or 1,800 feet above the 
tower of the building* Schonland and 
Collens found only downward branch¬ 


ing in South Africa, while the present 
writer in an extended research 5 found 
only eight with upward branching out 
of 185 pictures, Pig. 4 being a typical 
illustration of a discharge to ground 
from a cloud with negative electricity in 
its lower portion. Examination of the 
barograph and anemometer records ob¬ 
tained from the U. S. Weather Bureau 
at Battery Place and from the observa¬ 
tory at the Daily News office show that 
this storm was a double one and that the 
Necondarj r storm, with wind velocities 
reaching a maximum of 52 miles per 
hour, was approaching at the time when 
the pictures were taken. In that case 
these violent discharges came from the 
concentrated negative charges in the 
front of a cloud such as that described 
by Banerji® at Bombay and frequently 
observed by the writer in Nebraska. 
They would thus constitute typical 
negative branching in accord with the 

5 Loc , cit. 

• E. J. Baiter ji, Phil, Tran a. A , Vol. 231, 
1932, p. 1. 
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theory of Simpson, eminent British 
meteorologist. 7 A more probable expla¬ 
nation, however, is that two leader 
strokes from different parts of the 
cloud were attracted simultaneously by 
the high potential gradient above this 
tall building and coalesced on the way 
down. 

Of possibly greater interest to the 
layman is the fact that no physical 
damage has been suffered by the Empire 
State Building as a result of these re¬ 
peated and spectacular efforts of Thor 
and his thunderbolts, except a few scars 
on the metal covering of the dome 
caused by arcing. While hissing brush 

f G. C. Shnpfion, Hoy. Hoc. Pro r. A> Vol. Ill, 
1929, p. 56. 


discharges have been observed by at¬ 
tendants in the tower when a storm is 
approaching, none of the occupants have 
suffered any inconvenience when the 
building was struck. In fact, its frame¬ 
work forms a shield which makes its 
interior an unusually safe place for 
those who have a fear of lightning, and 
its high projecting tower serves as a tar¬ 
get for descending flashes, thus protect¬ 
ing other buildings within a radius of 
500 feet or more. It further shows that 
while lightning may and does strike 
grounded conductors, no damage will 
result if the building or other structure 
contains metal leads of sufficient dimen¬ 
sions to safely carry the charge to the 
earth. 



THE PROGRESS OF SCIENCE 

THE NOBEL PRIZE IN PHYSIOLOGY AND MEDICINE 


Thk Nobel prize in physiology and 
medicine lias this year been divided into 
three parts and awarded to Dr. George 
II. Whipple, professor of pathology and 
dean of the School of Medicine and Den¬ 
tistry at the University of Rochester; 
Dr. George R. Minot, director of the 
Thorndike Memorial Laboratory of the 
Boston City Hospital and professor in 
medicine at the Harvard Medical School, 
and Dr. William P. Murphy, of the 
Peter Bent Brigham Hospital and the 
Harvard [Medical School. 

Prior to last, year this prize—the 
world's greatest scientific honor, with 
a value of about $40,000—had been 
awarded twenty-six times in physiology 
and medicine, but only twice in the 
United States, whereas it lias been 
awarded five times in Germany, three 
and a half times in France and three 
times in Denmark. In 1012 it was given 
for the cultivation of tissues in vitro to 
Dr. Alexis Carrel, who a few years pre¬ 
viously had been called from France to 
the Rockefeller Institute for Medical Re¬ 
search, and in 1930 it was awarded for 
work on poliomyelitis, human blood 
groups and serological specificity to Dr. 
Karl Landsteiner, who came to the 
Rockefeller Institute from Austria in 
1922. 

The prize was, however, awarded in 
1923 to Professor J. J, R. Macleod and 
Dr. F. G. Banting, of the University of 
Toronto. It is of interest that their 
work on the checking of diabetes by the 
administration of insulin following pre¬ 
liminary laboratory experiments is strik¬ 
ingly similar to the present award for 
the checking of pernicious anemia by 
the admtoiatration of liver and liver ex¬ 
tract by Dr. Minot and D$$$#rp]bty fol¬ 
lowing laboratory work by Dr, Whipple. 
The prize has now been awarded in 


the United States for two consecutive 
years. Last year it was given to Dr. 
Thomas Hunt Morgan, of the California 
Institute of Technology, not, however, 
for work that would ordinarily be 
classed under physiology or medicine, 
but for distinguished work in biology, 
especially for his stud} 7 of mutations 
in the fruit fly Drosophila. The basis 
for the award this year is clearly de¬ 
scribed in statements prepared for Sci¬ 
ence Service by Dr. Whipple and Dr. 
Murphy. Dr. Whipple writes: 

Unpredictable by-products of research 
in physiology are rarely brought to the 
attention of the layman. The studies 
which led to the appreciation of liver 
as a food to promote hemoglobin regen¬ 
eration were taken up with no idea of 
any clinical application. We wished to 
find out how the body built up hemo¬ 
globin and what materials could best be 
utilized by the body. 

These studies are still being carried 
forward to determine what elements of 
food are most essential to make new 
hemoglobin. Dogs are best suited for 
these studies and all work has been done 
on these animals. They are frequently 
used to standardize liver fractions to be 
used in the treatment of human disease. 

Future progress in the control of 
other diseases can not be predicted with 
any certainty but if history has any 
significance it points to future by-prod¬ 
ucts coming from investigations in. the 
wide field of pure science which will 
enable the physician to bring under con¬ 
trol still other diseases which afflict hu¬ 
man kind. 

It is never safe to state that any bit 
of accurate knowledge about body physi¬ 
ology is useless, for in the future some 
student may sense its application to the 
study of some particular disease state. 
m 
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Progress is often made by way of de¬ 
tours which look very unfavorable at 
first. 

Dr. Murphy writes: 

It gives me great pleasure to have this 
opportunity to briefly comment upon 
the work in which Dr. Minot and I 
have cooperated during the past ten 
years, and for which we have received 
the highest honor which it is possible 
for a physician to receive—awarded by 
the Nobel Prize Committee of the Caro¬ 
line Institute of Stockholm, Sweden. 

Since our initial work on the treat¬ 
ment of pernicious anemia by the use 
of liver, as carried out in our office prac¬ 
tise and at the Peter Bent Brigham Hos¬ 
pital and the Coll is P. Huntington Hos¬ 
pital in Boston, much progress has been 
made in the direction of improvement 
and simplification of treatment of the 
unfortunate victim of this disease. 

Although the amount pf liver neces¬ 


sary for each patient’s needs may vary 
greatly it is necessary for him to take 
daily an average of from one fourth to 
one half pound, or during each month 
a total of eleven pounds in order to keep 
well. If instead of taking liver the pa¬ 
tient is advised to take a potent liver 
extract by mouth it will be necessary to 
use daily three vials or doses and in a 
month eighty-four vials or doses in order 
to replace the effect of the liver. The 
average cost of eleven pounds of liver 
will be about $5.50, whereas the cost of 
the eighty-four doses will be approxi¬ 
mately $17.00. 

Contrast the difficulties and expense 
of such a regimen with that which is now 
possible through the development at the 
Peter Bent Brigham Hospital with the 
cooperation of Dr. Guy W. Clark, of the 
Lederle Laboratories, of an extract of 
liver which may be injected into the 
muscle and which is so concentrated that 
it is necessary to use only one injection 
to replace the eleven pounds of liver or 
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eighty-four doses of liver extract if 
taken by mouth. And this concentrated 
extract for intramuscular injection costs 
but $1.20. 

Is not such a saving worth while at a 
time when each and every one of us feels 
the need for the greatest economy? If 
one is to realize that treatment by means 
of this material costs even less than does 
the liver, is more effective in controlling 
the disease and is so much more conve¬ 
nient to take, 1 am sure that we can all 
agree that progress in the direction of 
simplification of treatment for patients 
with this disease is being made. 

Let us consider the evidence that 
progress is being made in the control of 
this disease as judged on another basis. 

The Metropolitan Life Insurance Com¬ 
pany has recently compared the death 
rate from pernicious anemia for the 
period since 1926 when liver treatment 
came into general use with a like in¬ 
terval before 1926 when this treatment 


was not available. They observed that 
the death rate in individuals with per¬ 
nicious anemia between the ages of 30 
and 50 years has been only half so great 
since the use of liver as It was before. 
Above the age of 50 the death rate has 
not shown such a striking decrease, no 
doubt owing to complications which are 
more likely to occur during the older age 
period. 

I feel sure that the death rate will be 
further reduced and that there need be 
no deaths from this disease if each pa¬ 
tient will continue to take regularly in 
some form an adequate amount of liver 
substance as prescribed by his physician. 
The amount of liver substance necessary 
must be determined on the basis of regu¬ 
lar determinations of the number of red 
blood cells and the patient’s physical 
condition. It is our hope that even fur¬ 
ther progress in this direction will be 
made as others continue to take up the 
problem with us. 


SANTIAGO RAMON Y CAJAL 
(1852-1934) 


A very great loss to science occurred 
on October 17 of this year when Santi¬ 
ago Raradn y Cajal, the great Spanish 
neurologist, died in Madrid. His death 
is a loss to the whole world, for wherever 
modern methods and procedures are fol¬ 
lowed the work of Cajal is known and 
honored, and his methods of studying 
the finer structure of the nervous system 
are used. 

Cajal was born on May 1, 1852, in the 
village of Petilla d* Aragon, in the 
province of Zaragoza, where his father, 
Justo Ramdn Garasiis, was physician 
and surgeon to the little community. 
Later, about 1870, the family mftved to 
the university town of Zaragoza, where 
the son Santiago had already entered 
on the study of medicine. Here the 
father, in addition to his practise, 
gained the position of professor of dis¬ 


section. He had a great enthusiasm 
for anatomy and he and his son dis¬ 
sected together for three years. At the 
end of his second year, on account of 
his industry and skilfulness, the young 
Cajal was given the position of ayudante 
de dissection. After he had finished his 
medical course in 1873 and obtained the 
title of Licentiado en Medicina , be had 
to undergo his military service. For 
this he entered the Ouerpa de Sanidad 
Militar, and in the following year, 1874, 
was sent to Cuba with an expeditionary 
force. Here he contracted malaria and 
was in poor healtli until his return homo 
in June, 1875. 

For the next two years he studied in¬ 
tensively anatomy and embryology and 
helped his father in his clinical work. 
He was aiming for the doctor’s degree, 
and in due time went to Madrid for his 
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examination. Here he was much im¬ 
pressed with the handsome histological 
preparations of Dr. Maestre de Han 
Juan, and at once began to plan for 
a histological laboratory at Zaragoza. 
Soon after his return home an assistant 
in the department of physiology demon¬ 
strated to him for the first time the 
circulation of the blood. This event, 
Cajal tells us, roused in him an in¬ 
creased affection for microscopic studies. 
Soon he bought a new Verick micro¬ 
scope and a Ranvier microtome, partly 
with the money received as his military 
pay. A new world was now opened be¬ 
fore him and he explored it with inde¬ 
fatigable zeal for over half a century. 

In 1884 he became professor of de¬ 
scriptive anatomy at Valencia, and three 
years later professor of normal and 
pathological histology at Barcelona. In 
1892 he was called to the University of 
Madrid as professor of pathological 
anatomy. He held this chair until he 
attained the retiring age of seventy, but 
continued as director of the laboratory 
of biological investigations (Institute 
Cajal) until his death. 

Cajal’s most comprehensive work is 
his “Textura del sistema nerviosa del 
hombre y de los vertebrados. M This was 
translated into French and published 
under the title, * * Histologie du syst^me 
nerveux de Uhomme et des vertebres,” 
in two volumes, 1909-11. The transla¬ 
tion waft amplified in numerous places 
by Cajal so that it was in many respects 
a new work, with 925 original illustra¬ 
tions, In this bbok Cajal has given the 
results of his personal researches on the 
histology of all parts of the nervous 
system. One of the collateral factors in 
the success of the comprehensive survey 
which he was able to make was the 
choice of animal for the wo^k, He made 
use of the mouse, one of the smallest of 
mammals, and by using the young of 
this form he was able to follow through 
all the structures of the brain in a com¬ 
paratively small number of microscopic 
sections. Also, because of the contiguity 


of the various nuclei, he could often see 
nerve processes extending to their desti¬ 
nation. Thus he was able to see the 
architecture of the mammalian brain 
more clearly than anybody had been able 
to see it before. Following him, many 
have investigated special parts of the 
brain, and time and again have verified 
his original observations. 

Professor Cajal has provided us with 
a fascinating account of his career in an 
autobiography entitled “Recuerdos de 
mi Vida. ’ ’ Here he gives in vivid fashion 
the events of his early life, his educa¬ 
tion, the military expedition to Cuba, his 
aspirations and enthusiasms and also a 
good account of his achievements. In¬ 
deed the best introduction to Cajal’s 
work is to study this survey which he 
himself has given us. In more than one 
hundred full-page plates, he shows us 
in chronological order the pictorial re¬ 
sults of his numerous studies. Many of 
these are now to be seen in books of his¬ 
tology, anatomy, neurology, physiology 
and psychology, and indicate the wide¬ 
spread influence of his work. 

He early found it necessary to have 
a journal in which to publish the results 
of the studies in his laboratory. While 
at Barcelona he began the Revista tri- 
mestral de Histoloyica . This ceased 
when he went to Madrid, and in 1896 
he initiated the Revista trimestral micro - 
grafted. With Volume 6 the title was 
changed to Trabajos del Laboratorio de 
Investigaciones biologicas de la Univer- 
sidad de Madrid . Since 1924 it has been 
published in French as the Tryvaux du 
lahoratoire de Recherehes biologiques de 
VUniversite de Madrid . This journal 
contains the results of many brilliant 
studies by Cajal and his students, and is 
invaluable for following the advances in 
neuro-histology. 

His honors were numerous. In the 
autobiography three pages are devoted 
to lists of distinctions obtained at home 
and abroad, prizes and medals, honorary 
foreign titles, and in a footnote it is 
stated that many others have been 
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omitted for the sake of brevity. The 
best known is the Nobel prize for physi¬ 
ology and medicine, which in 1906 he 
shared with Camillo Golgi. 

Perhaps the crowning event of Cajal’s 
life, the greatest tribute to his work and 
to science in Spain, was the founding of 
the Institute Cajal. When I studied jn 
Madrid in 1928 this laboratory was still 
housed in the small but pleasant build¬ 
ing Which adjoined the Museo Anthro- 
pologico. On a height not far off rose 
the superstructure of the new Insti¬ 
tute, not then completed. Views of 
these buildings may be seen in the 
August, 1930, number of The Scien¬ 


tific Monthly. When I returned to 
Madrid in April, 1934, I found the new 
Institute finished, a noble and stately 
building, well planned, with plenty of 
working space, good light and one of 
the finest special libraries to be found 
anywhere. It is true that the master’s 
failing health made it impossible that 
he should spend much time in the new 
laboratory, but it was a great source of 
satisfaction to him to have the new In¬ 
stitute Cajal completed during his life¬ 
time, and to know that there his work 
would be carried on. 

William H. F. Addison 
University ok Pennsylvania 


OBSERVING AT THE NEW PRINCETON OBSERVATORY 


The 23-inch lenses removed from the been placed in the big end of the new 
old telescope tube in the Halsted Ob- tube in the New Observatory, one of the 
servatory nearly three years ago have old eyepieces has been slipped into the 



—Student Photo Servlet 

THE NEW OBSERVATORY AT PRINCETON 


The large plate glass windows give plenty op light in the laboratory rooms and the 

BROAD SILLS MAKE A GOOD PLACE TO STUDY AND MEASURE PHOTOGRAPHIC PLATES. THE FLA$ ROOF 
IS AN EXCELLENT PLACE FROM WHICH TO STUDY CONSTELLATIONS OR HUNT FOR COMETS. THE 
HEAVY CASTINGS WERE TAKEN IN THROUGH THE DOUBLE DOORS AND LIFTED WITH THE FLOOR. THE 
ASTRONOMER RUNS HIS CAR INTO A HEATED GARAGE AND FINDS HIS CAR READY TO START WHEN 
HE IS READY TO GO HOME. THJC ONLY ‘ 1 CHIMNEY 1 ' IS A SMALL DARK SPOT HALF WAY UP THE 
WALL ABOVE THE CORNER OF THE GARAGE DOORS. 
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small end, thirty feet away, and the tele¬ 
scope is again in commission. The lenses, 
made by Alvan Clark 50 years ago, are 
in perfect condition after their half- 
century of service gathering light from 
distant stars and concentrating it for 
study by several generations of astrono¬ 
mers. This speaks well both for the 
maker and for the astronomers who have 
periodically washed and dried the lenses 
with great care and have been constantly 
on the watch to grab the arm of a visitor 
who has pulled out his handkerchief and 
is just going to briskly remove some 
dust. 

While the big lenses and the set of 
eyepieces of various magnifying powers 
are the optical essentials of a telescope, 
the tube which connects them, the ma¬ 
chinery by which the tube is quickly 
moved into position pointing at the star 
to be observed and by which it follows 
the motion of the star, the dome which 
is turned so that the shutter opening is 



AN INTERIOR VIEW 

Twfc FLOOR 18 AT ITS HIGHEST LEVEL, NEARLY UP 
TO THE RUNNING GEAR GF THE DOME. THE CON¬ 
TROL PANEL AND THE SETTING DIALS ATTACHED 
TO THE RAILING GO UP AND DOWN WITH THE 
FLOGS. THE SAME CONTROLS ARE BROUGHT 
DOWN THROUGH THE TELESCOPE AND Altfe ALWAYS 
WITHIN REACH OF THE OBSERVER. THE 
* * FINDER , 1 * ON TOP OF THE TUBE, IS ITSELF A 
VERY RESPECTABLE TELESCOPE WITH A 6-INCH 
OBJECT-GLASS. THE LOWER END OF THE 1 i POLAR 
AXIS” CAN BE SEEN, CARRYING THE 14 HOUR 
CIRCLE. ’ 9 



—Student Photo Service 
THE BA8EMENT MACHINERY 

FOR OPERATING THE FLOOR. THE COUNTER 
WEIGHTS SLIDE DOWN ALONG THE WALL AS THE 
FLOOR OOKS UP. PLIABLE CABLES CARRY THE 
ELECTRIC WIRES UP TO THE TELESCOPE. TlIR 
STEEL COLUMN WHICH CARRIES THE TELESCOPE 
RESTS ON A MASSIVE CONCRETE BLOCK. AD¬ 
JUSTING SCREWS ARE PROVIDED SO THAT THE 
COLUMN CAN BE MOVED TO JUST THE RIGHT 
POSITION. 

in the right place, the devices to bring 
the observer to a comfortable position at 
the eyepiece as the telescope moves are 
all important matters. All these prob¬ 
lems have been ingeniously met by the 
maker, J. W. Fecker, successor to John 
A. Brash ear. 

The design of the building and its 
location are perhaps of still greater im¬ 
portance. The New Observatory has 
been built in a large open area used for 
polo and artillery maneuvers. The 
trustees have promised that there will 
be no encroachment of street or house 
lights. To get a good dark sky and still 
keep an observatory accessible to a uni¬ 
versity is always a problem. 
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That the observatory may not create 
a nuisance of its own, a gas furnace, 
which produces no smoke, was selected 
for heating the office and laboratory 
rooms. This heat is kept from the dome 
by an 4 * air-lock ’ ’—an unheated corridor 
with double doors. The telephones are 
on the town exchange so that the ob¬ 
server may call for help if he breaks his 
leg after midnight when the university 
exchange closes. 

As the astronomer enters the dome he 
unlocks a padlock, throws on the power 
and turns on the floodlights around the 
wall of the dome. He gives a few pulls 
on a rope and the two shutters roll back, 
leaving an 8-foot opening well beyond 
the zenith. The telescope is in a hori¬ 
zontal position high above the floor. He 
goes across to the south end of the pier, 
starts the 4 * driving clock” which moves 
the telescope to keep up with the stars, 
presses a button and the whole floor, 
forty feet in diameter, starts to rise. 
The button has to be held down to keep 
the floor moving so there is no danger 
of walking off and forgetting it. The 
astronomer rides up twelve feet, where 
the power is automatically etyt off, takes 
the caps off the big telescope and the 
4 4 finder,” then presses the 44 down” but¬ 
ton until the floor is low enough to 
swing the telescope about its two axes 
into the desired position. A clutch but¬ 
ton and another button set the telescope 
swinging rapidly in declination or in 
hour angle. Without the cluteh buttons 
and other buttons give slow motions for 
fine setting. There are large graduated 
circles on the two axes by which the tele¬ 
scope may be set for the two coordinates 
of the star to be observed, but also on 
either side of the control panel carrying 
all the buttons there is an illuminated 
dial which, by means of Selsyn motors, 
synchronizes with the graduated circle 


and gives the same reading, and the 
astronomer watches this until the pointer 
comes to the right reading. 

He now presses one of another pair of 
buttons and the dome rolls round until 
the telescope is looking out through the 
opening. An icy wind is blowing over 
the dome and dropping down the back 
of the observer’s neck. Throwing a 
switch lie pulls a heavy canvas curtain, 
fastened at intervals to rollers, up from 
the bottom and another down from the 
top until the opening is little more than 
the diameter of the object-glass. 

Going to the eye-end of the telescope 
lie looks in the 44 finder’’ and finds the 
star lie wants to observe a* little to one 
side of the center. There is a full set of 
control buttons at his hand here also and 
with the 44 slow motions” be centers the 
star. A table with his record book and 
pencil and watch is roiled over beside 
his chair, a faint reading lamp, shielded 
in a shaving soap box, is plugged in, lie 
shifts the floor until his eye is in com¬ 
fortable position at the eyepiece and 
starts to work making measurements and 
recording them in his book. If the star 
is too bright for comfortable observing 
he turns a handle and the iris diaphragm 
up in front of the object-glass closes up 
the desired amount. If he is taking a 
photograph he has slow-slow motion but¬ 
tons with which to correct any slight 
irregularities of the driving clock. 

There is a slight humming in the 
Selsyn motors and once an hour a switch 
closes, a motor starts, and the weight 
which drives the telescope is wound up. 
No automobiles, no radio, all is peaceful. 
The astronomer works on into the night 
hoping that the bat which hit him in 
the side of the head one night will not 
find the new dome. 

Raymond S. Dugan 

Director or the 
Princeton Observatory 
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KILLCOHOOK MIGRATORY BIRD REFUGE 

The first Federal migratory-bird this point, which had long been under 
refuge in New Jersey, and also the first dispute, and was settled by a decision of 
in Delaware, was established by execu- the Supreme Court on February 5, two 
tive order of February 3, 1934, by days after the executive order establish- 
President Roosevelt, on areas acquired ing the bird refuge was issued, 
by the War Department adjacent to Establishment of this refuge resulted 
Fort Mott, New Jersey. This, one of the from cooperation between the Depart- 
latest of a series of inviolate sanctuaries merit of Agriculture and the War J)e- 
for wild fowl established under authori- partment. The tract embraces areas of 
zation of the Migratory Bird Conserva- land and water acquired by the War 
tion Act of February 18, 1929, is known Department several years ago to be used 
as the Killcohook Migratory Bird Refuge as a place to deposit spoil being dredged 
and is administered by the Bureau of from the channel of the Delaware River. 
Biological Survey of the United States Though the dredging operations will 
Department of Agriculture. continue, the area of the refuge is so 

The area of the new refuge embraces extensive that it will be attractive to 
approximately 1,440 acres nearly sur- migratory birds for many years, 
rounding, but excluding, the Fort Mott Most of the refuge consists of water 
Military Reservation and the adjacent and marshland. Adjoining the marsh 
Finns Point National Cemetery, both of area at present is a very large pool of 
which are in Salem County, New Jersey, quiet water created by the construction 
The refuge itself, however, is situated of the Killcohook Dike and the Bulkhead 
both in Salem County, New Jersey, and Bar Dike, the former extending down 
in Newcastle County, Delaware. This is the Delaware River from a jetty light 
by reason of the interstate boundary at and the other eastward from the light. 



THE KILLCOHOOK MIGRATORY BIRD REFUGE 

LOOKING WEST TOWARDS THE DELAWARE RlVER, ALONG THE LINE OF THE BULKHEAD BAR DIKE, 

near Fort Mott, N. J. 
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LOOKING ACROSS THE KILLCOHOOK MEADOWS 
in Salem County, N. J., now pakt or the Federal bird refuqe of the same name. 


Within the Jimits of this pool, which 
constitutes nearly one third of the 
refuge, migratory birds congregate in 
great numbers, spring and fall. 

In addition to offering waterfowl a 
splendid place to rest and feed, the new 
refuge is within the breeding range of 
the black duck. Officials of the Biolog¬ 
ical Survey anticipate that the area will 
not only prove to be an important sanc¬ 
tuary for the waterfowl within an ex¬ 
tensive region where there are now no 
refuges, and offer opportunity to rear 
more ducks than ever before by reason 
of the protection given, but may become 
■m' important outdoor laboratory for 
scientific investigations for the improve¬ 
ment of conditions in the muskrat in¬ 
dustry. Muskrats have been an impor¬ 
tant source of ihcome to trappers in New 
Jersey, Delaware, Maryland, pud other 
parts of the United States, and good 
muskrat marshes are found on the refuge 
and on large adjacent areas. In fact 
this region has produced these fur bear¬ 
ers in commercial quantities for more 
than a century. 

The Killcohook Migratory Bird Ref¬ 


uge should also serve to increase public 
interest in wild-fowl conservation by 
reason of its ready accessibility and be¬ 
cause many motorists every year visit 
the old breastworks of Fort Mott and 
the adjacent Finns Point National Ceme¬ 
tery. One attraction to visitors to this 
old cemetery is a marble shaft 85 feet 
high, erected by the Federal Govern¬ 
ment in 1912 to mark the burial mound 
of 2,436 Confederate soldiers who died 
while prisoners of war at Fort Delaware, 
which is just opposite Fort Mott, on Pea 
Patch Island. The individual graves of 
these soldiers can not be identified, but 
the names of each of the 2,436 are per¬ 
petuated on 12 bronze tablets on the 
monument and on the mound surround¬ 
ing it. This is said to be the largest 
monument erected by the Federal Gov¬ 
ernment to the memory of the Confeder¬ 
ates who died in the North. 

The name of the Killcohook Bird Ref¬ 
uge and of the engineering dike and the 
adjacent meadows is probably of Dutch 
or Indian origin. 

Wm H. Chkeseman 
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